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TTTT.E OF THE INVENTION 

iSmOCYCLIC AMDECOMPOUNDS AS CHi ADHESION INHIBrTORS 

SUMMAEY OF THE INVENTION 

The compounds of the present invention are antagomste of 
the VLA.4 integrin ('very late antigen^"; CD49d/CD29; or and/or 
*e a4p7 integrin (IPAM-l and o^M- hereby blocking the bmtog of 
VT A 4 to its various ligands, such as VCAM-1 and regions of fibronectm 

^o its various Ugands, such as MadCAM^VCAM- . and 
Sbronectin. Thus, these antagonists are. usefbl in inlubiting^U 
adhesion processes including ceU activation, nngrat.™.. prohferation- 
afdlferentiation. These anUgonisU are useM in tije treatment 
p^v^ion and suppression of diseases mediated by VLA-4 and/or a4fi7 
binding and cell adherion and activation, such as multiple scleras. 
aSl! allergic rtunitia. allergic conjunctivitis, inflammatory lung 
rhelatoid arthritis, septic arthritis, type I diabetes, organ 
tZLtation. restenosis, autologous bone ".-7^';^- 
Lammatory sequelae of viral infections, myocarditis, inflammatory 
^J^r^e Uuding ulcerative colitis and Crohn, disease, certain 
tvoes of toxic and immune-based nephritis, contact dermal 
^^sitivity, psoriasis, tiimor metastasis, and atherosclerosis. 

BACKGBOmD OF THE INVENTION 

The present invention relates to heterocycUc amide 
derivatives which are useful for the inhibition and prevention of 

rlocyte adhe^on and leukocyte adhesion-mediated pathologies^ Th^ 
!:«nl also relates to compositions containing such compounds and 
methods of treatment using such compounds. 

Many physiological processes require that cells come into 
, close contact with other cells and/or e^rtracellularmatiic. Such 
=.1V,.rion events may be required for cell activation, migration. 
tZlZZ dierentiation. Cell-cell and cell-matrix inte™ 
!n mediated through several famiUes of cell adhesion molecules 



-1 
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(CAM,) including the selactins, m^^^ 

.mmunoglpbulin.. CAM. pUy an essential role in both nonnal and 
pathophysiological processes. Therefore th«f.^,.- 

CAMS in certain disease c^:«„t S^«^-^ 

5 nonnalcellularf.nctionsisessentialforaneffe^:::fr'"* 
therapeufc agent .^.at inhibits ceU-ceU and cell-^atri. interactions. 
Xhe integnn superfamily is made up of structnrallv 

funot-onallyrelatedglycoproteinsconsistingofa'andpr^^e 
transmembrane receptor molecules found in various cLv f^ 

ffi, 1033 (1991); T.. A. Spnnger, £eU, 76. 301 (1994); D. Cox et al «7^hp 
Phax^acology of the Integrins/'M.^^^ 

and V. W. Engleman et al., Tell7S;;~^^ 
Tareefa " in A™ d. » ■ «, ,. " """erms as Pharmaceutical 

largets. in Ann, Bsnts in M.»)i,- „.) '-"i-miifi i Vol .'ii tad-., 
15 Ed.; Acad. Press, NY. 1996, p. 191). ^ol. 31, J. A. Bristol, 

; '^■^<'^^'»«eantigen.4";CD49d/^^^ 
in egnn expressed on all leukocytes, except platelets and mature 
neutrophils, including dendritic cells and macrophage-Uke cerand is 
a key mediator of the cell-ceU and cell-matrix interac^„„s of ofl" c^, 

Z\ . ^'''^ » Family 

Structures. Functions, and Their Role on Leukocytes." 

a. 365 (1990)). The ligands for VLA-4 indudf^eeU 
a^^on molecules (VCAM-l) and the CS-1 domain of fibroneci). 

S^^A^ .? °f ^™»-«»- (See B. Lobb et al. "Vascul^ 
Adhesion Molecule 1.' in Cellular and Molecular MechanilT^ 
M^af on C. G. Cochrane and M. A. Gimbrone. Eds.; Z^^l 

celU in response to pro-inflammator, cytokines (See A. J. H Gearing 
> and W. Newman, "Circulating adhesion molecules in dis^e » 
I^-mfflalJsdajiU 506 (1993). TheCS.ldomainisa25amino'acid 
sequence that arises by alternative spUdng within a regionT 

fibronectm. (For a review, see B. O. Hynes "Fibroneotins.-, Springer- 
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Velaff NY. 1990.) A role for VLA-4/CS-1 interactions 'in inflammato^^ 
I^ndSion; has been proposed (see M. J. Elices. "The integnn a4Pl (VLA- 
4) as a therapeutic target" in CelLAdh oHoTi .nrl Hninan Disease , Ciba 

Found Symp., John Wiley & Sons, NY, 1995, p. 79). . , • 

Found. ^J^P^p^ ^^^^ ^^^^^^^^ ^3 LpAM-1 and cc4pp) is an integnn 

expressed on leukocytes and is a key mediator of leukocyte trafficMng 
and homing in the gastrointestinal tract (see C. M. Parker et al Erfic, 
^^jI;^!^^.^, 1924 (1992)). Theligandsfora4P7mclude 

„1 addressing cell adhesion M "^^ImT^ a"'" 

activation of a4P7,VCAM-landfibronectin(Fn). MadCAM-l xs a 

xnember of the Ig superfamily and is expressed in vivo on endothelial 
Tens of gut-associated mucosal tissues of the sm^l an large —J 
CTeyer's Patches") and lactating mammary glands (See M J Bns^n 
et al Nature, m 461 (1993); A. Hamann et al., sLJmmuSfiL. m 3282 
(199ir^CAM.l can be induced in vitro by proinflammato^stnnuh 

fe E E.Sikoi.kietal.J.imm3^ "^'^.^^.^y 
selectively e^cpressed at sites of lymphocyte exti:avasation and specifically 

binds to the integnn, a4p7. xij.. lu-t 

NeutraUzing anti-a4 antibodies or blocking peptides that 

i^bit the interadion between VLA.4 and/or a4P7 and their Uganda 
have proven efficacious both prophylactically and therapeutically m 
several animal models of disease, including i) experimental a^^ergic 
encephalomyeUtis, a model of neuronal demyelination resembhng 

encephalomyeUtis." UsMstofi, 1063 (1996)): ii) bronchi^ ^ 

hypeLsponsiveness in sheep and guinea pigs as "'"'^^f-rf ~ 
phLes oLsthma (for e«mple, see W. M. Abraham et al., a4-Integnns 

niediate antigen-induced late bronchial responses and P'^^^'* "^^^ 
ZarresponLness in sheep.' iiUlUn^Sa. 776 (1993) and A. K 
Y Milne and P. P. Piper, "Role of VLA.4 integrin in leucocyte 
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recmtoent and broncMal hyperrespon^iveness in to 
■ 282, 243 (1996,); iii, adjuvant-induced arthritis Lr.^ 

a model of mflammatory artliriti. (see C. BarbadiUo et al., 'Anti.VLA-4 
mAb prevents adjuvant arthritis in Lewis rats." Arthr P),., , , . 
6 (SuppL), sg 95 (1993, and D. Seiffge, T^otective ^^^^f^^ 
anhbody to VM^ on leukocyte adhesion and course of diseases 
adjuvant arthritis in rats." J^EhaiMlai, S, 12 (1996,,; iv, adoptive 
automunune diabetes in the NOD mouse (see J. L. Baron et al "The 
pathogenesis of adoptive murine autoimmune diabetes require an' 
10 mterachon between a4-integrins and vascular cell adhesirrTolecule- 
1". J. C ] lll. T n yeat. . a, 1700 (1994,, A. Jakubowsld et al 'Vascular cell 
:",^---olecule.Igfi^on protein selectively targets actilte^^^^ 
mte^ receptors in vivo.- Inhibition of autoimmune diabetes in an 

938 (1995, and X D. Yang at al.. "Involvement of bete 7 integrin anr 
mucosal addressin cell adhesion molecule-1 (MadCAM-l, in the 

deveopmentofdiabetes in nonobese diabetic 1542 
(1997,,; V, cardiac allograft survival in mice as a model of organ 

Wplantation (see M. Isobe et d.. "Effect of anti-VCAM-l and anti- 
YtA-4 monoclonal antibodies on cardiac allograft survival and response 
to soluble antagens m mice.", Kanplsnt Frw, g.867 (1994, and S 
Moloss. et al., "Blockade of very late antigea-4 integrin binding to 
fibronectm with connecting segment-1 peptide reduces accelerated 

2601 (199B,; v„ spontaneous chronic colitis in cotten-top temarins which 
resembles human ulcerative oohtis, a form of inflammaton- bowel 

to":! bv °' ^ - °f '"""^ - Cotton-top 

tamann by anti-a4 mtegrm monoclonal antibody.'. J. Clin 

372 (1993),; vii, contact hypeisensitivity models as a model for skin ' ' 
allergic reactions (see t. A. Ferguson and T. S. Kupper, "Antigen- 
mdependent processes in antigen-specific immunity.", J Immunol 
m 1172 (1993, and P. L. Chishohn et a.., "Monoclonal a^SSt^, 
.»tegnn a.4 subumt inhibit the murine contact hypersensitivity , 
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nephritis (see M. S. MuUigan et al.. "Eequirements for leukoq* 

. adlesion rnolecules in nephrotoxic nephritis.", Jja^^M, a.577 
(lM3))-ix) tumor metastasis (for examples, see M. Edward, "Integnns 

and other adhesion molecules involved in melanocytic tnmor 

■™" r„rr Onin Oncol., 1 185 (1995)); x) experimental 
;h^SiS^ McMurray et al., role of «4 
:::^n and intercellular adhesion molecule-1 aCAM-1) 
experimental autoimmune thyroiditis." i^atsimmMite S. 9 Cl^)> 
, xi) Uchemic tissue damage following arterial occlusion mrat^ (see F. 

Squadrito et al., "Leukocyte integrin very late anbgen^ascular cell 
Ision molecule-l adhesion pathway in =P>— .-7^''-^° 

shock " -T Pharmacol., m 163 (1996; xn) mhibmon of TH2 T-cell _ 
. : . , j;„, n i and IL-6 by VLA-4 antibodies which 

cytokine production mcluding IL-4 and ivo oy v _^ 
5 would attenuate allergic r^ponse, (J.Clinioal Investigahon m^3 ^ 

71997). Theprimarymechamsmofactionofsuchantibodiesapp^^^^ 

be the inhibition of lymphocyte and monocyte interacUons with C^s 

a^sooUted wiUi components of the extracellular matrix. 

leukocyte migration to extravascidar sites of i„ury or —ation 

a and/or limiting the priming and/or activation of leukocytes. 

There is additional evidence supportmg a possible role for 

VIA-4 faiteractions in other diseases, including rheumatoid arthrto; 
Various melanomas, carcinomas, and sarcomas; inflammatory lung 
ToZs acute respiratory distress syndrome (ARDS, a^i^sclerotic 

in physiobgy and disease.", EfisJtaMUQU 114.723(1994) and J.-X. 
'Gafld A. C. issekut. "Expression of VCAM-1 and ^«dent 
T-lymphocyte adhesion to dennal fibroblasts stimulated w.th 
30 proinflammatory cytokines." I^l. ffi. 375 (1996) • 

At present, there is a humanized monoclonal antobody 

CAntegrena Athena Neurosciencesffilan ) against VIA-4 m cluneal 
development for the treatment of flares" associated with multiple 
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LeZs^"' -.to=amzed m„„„d»al antibbdy CACT.l®/LDP-02 
Leukoate) aga-nst 0437 in daical development for the treata^^^^ 

adhes on to lymphoqrtes", Bioor. M.. ^ g ^ ' 

5,510,332, WO97/03094, WW/02i9, WO96/40781 WO^R 

WO96/20216. WW01644. WO96/06108, WoJS^^ ^ 
of nonpeptidyl inhibitors nf fho i;„ j r '^''^'■^^'^ There is one report 
P P yi iniubitors of the hgands for a4-integrins (WO96/31206) 

adhesion and activation. 

DETAILED DESCRIPTION OF THE nWENTION 

thetr^f provides a method for 

by cell adhesion in a mammal which comprises administering to said 
mammal an effective amount of a compound Formula I: 



I 



a pharmaceutically acceptable salt thereof wherein: 
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Rlis'. 1) Ci-ioalkyl, • 
■ 2) C2-10alkenyl, 
3) C2-10alkynyl, 

■ 4) Cy, 

5) Cy-Ci-loalkyl, 

6) Cy-C2-10alkenyl, 

7) Cy-C2-10alkynyl, 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from R- and Cy is ov^onelly 
substituted with one to four substituents independently selected from R . 



R2is 1) hydrogen, 

2) Ci-ioalkyl. 

3) C2.l0a^enyl, 
15 4) . C2-10alkynyl, 

5) aryl, 

6) . aiyl-Ci-ioalkyl, 

7) heteroaryl, 

8) heteroaryl-Ci-ioalkyl, 

20 wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from Ra; and aryl and 
, heteroaryl optionally substituted with one to four substituents 
independently selected from R^; 

25 R3is i) hydrogen, 

2) Ci-lO alkyl, 

3) Cy, or 

4) Cy-Ci-lO alkyl. 



30 



wherein alkyl is optionally substituted with one to four substituents 
Xndentiy selected from Ra; and Cy is optionally substituted with 
one to four substituents independently selected from R ; 



R4is 1) hydrogen, 
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■ ■2); CMoalky],' ;, ; . / 

. ,2 C2-10aIkenyI, ' 
. 4) C2.ioalkynyl, 
■_: • ■■'■5) '^Cy, ,- 

Cy-Ci-ioalkyl, 

7) Cy.C2.10alkenyl, 

8) Cy-C2.ioalkynyl, 

E3 R4 a^d the atoms to which they are attached together fonn a mono 
« ™g containing 0-. additional heteroato^ aele^r^ro 

I^^is 1) hydrogen, 

2) Ci.ioalkyl, 

C2.ioalkenyI, 
4) C2.ioalkynyI, 

6) aryl, 

6) aiyl-Ci.ioalkyl, 

. 7) heteroaryl, 

8) heteroaiyl-Ci.2oalkyl, 

R4, E5 and the carbon to which they are attached fom a 3 7 m.ml, a 
mono, or hicychcHn, containing O-^hete^atomsserc^d Llt^ 
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r6, r7, and R8 are each independently selected from the group 

consisting of , ^ j 

1) a group selected from R", and 

2) a group selected from RX; or 

5 two of R6, R7, and R8 and the atom to which both are attached, or two of 
r6, r7, aiid R8 and the two adjacent atoms to which they are attached, 
together form a 5-7 membered saturated or unsaturated monocycUc ring 
containing zero to three heteroatoms selected from N, O or S, 

10 R^is 1) Cy, or 

2) a group selected from Rx; 
wherein Cy is optionally subsituted with one to four substituents 
independently selected from R"^; 

15 R^ is 1) a group selected from R^ 

2) - Ci-ioalkyl,, 

3) C2-IO alkenyl, 

4) C2-IO alkynyl, 

5) aryl Ci-lQalkyl, 

20 6) heteroaryl Cl-lO alkyl, 

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl are optionally 
substituted with a group independently selected from R^; 



25 



30 



RCis 



1) 


halogen, 


2) 


NO2, 


3) 


C(0)ORf 


4) 


Ci.4alkyl, 


5) 


Ci-4alkoxy, 


6) 


aryl, 


7) . 


aryl Ci-4alkyl, 


8) 


aryloxy, 


9) 


heteroaryl, 


10) 


NRfRg, 
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11) , NRfC(0)Rg, , 
:i2 NRfC(0)NRfRg, or 

•■. -' ••'^ 13) . CN; • ' ■; . 

Rd and Re are independently selected from hydrogen. CMQalkyl 02 10 
alkenyl, C2.l0alkynyl, Cy and Cy Ci-iQalkyl. wherein alkyl. alkenyl. 
alkynyl and Cy is optionally substituted with one to four substituents 
independently selected from RC; or 

Rd and Re together with the atoms to which they are attached form a 
heterocycUc ring of 5 to 7 members containing o-2 additional ' 
heteroatoms independently selected from oxygen, sulfur and nitrogen; 

Rf and Rg are independently selected from hydrogen, Ci-ioalkyl, Cy and 
Cy-Ci-ioalkyl wherein Cy is optionally substituted with CMQalkyl; or 
15 Rf and Rg together with the carbon to which they are attached form a 

rmg of 5 to 7 members containing 0-2 heteroatbms independently 
. selected from oxygen, sulfur and nitrogen; 

R^ is 1) hydrogen, 

20 2) Cl-iOalkyl, 

3) . C2.l0alkenyl, 

4) C2.10alkynyl, 

5) cyano, 

6) aryl, 

25 7) aryl Ci-ioalkyl, 

8) heteroaryl, 

9) heteroaiyl Ci-iQalkyl, or 

10) -S02Ri; 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
30 four substituents independently selected from Ra; and aryl and 

heteroaiyl are each optionally substituted with one to four substituents 
independently selected from R^; ' 
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Ri ,1) . Ci-ioalkyl, 

2) C2-10alkenyl, 

3) C2-10alkynyl, or . 

4) aryl; • 4. j 
wherein alkyl. alkenyl, alkynyl and aryl are each optionally substxtuted 
with one to four substituents independently selected from R ; 

RX is 1) -ORd, 

2) -N02, 

3) halogen 

4) -S(0)niR^, 

5) -SRd, 

6) -S(0)20Rd 

7) -S(0)mNR<iR®, 

15 '8) -NR^R^ 

9) ..0(CRfRg)nNR«iRe, 

10) -C(0)Rd 

11) -C02Rd, 

12) -C02(CRfRg)nC0NRdRe, 
: 13) -OC(0)Rd 

14) -CN, 

• 15) -C(0)NRdRe, 

16) -NRdC(0)Re, 

17) .OC(0)NRdRe, 
25 18) -NRdC(0)ORe, 

19) -NRdCCONRdRe, 

20) -CRd(N-ORe), 

21) -CF3, 

22) 0X0, 

30 23) NRdC(0)NRdS02R\ 

24) NRdS(0)inR®. 

25) , -0S(0)20R'i, or 

26) -0P(0)(0Rd)2; 



20 
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^yjs 1) a group selected from Rx 

: 2) CMoalkyl, : ^ 
3) C2.IO alkenyl, 
^ ^) C2-I0 alkynyl, 

. 5) aryl Ci-iQalkyl, 

6) heteroaryl Ci-io alkyl, 

7) . cycloalkyl, 
.8) heterocyclyl; 

10 wherein alkyl. alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from RX; 

. Cy is cycloalkyl. heterocyclyl, aiyl, or heteroaryl; 

15 m is an integer from 1 to 2; 

n is an integer from 1 to 10; 

Xis 1) .C(0)ORd, 

20 2) -P(0)(ORdxORe) 

3) -P(0)(Rd)(ORe) 

4) -S(0)mORd 

5) -C(0)NRdRh^ or . 

6) -5-tetrazolyl; 

25 

Yis 1) .c(0)., 

2) -0-C(OK 

3) -NRe-C(O)-, 

4) -S(0)2-, 

5) -P(OXOR4)or 

6) C(0)C(0); 

Z and A are independently selected from -C- and -C-C-; 

c:..., ..12-.- 



30 
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B is selected from the group consisting of 

1) a bond, 

2) -C- 

3) -C-C-, 

3) -C=C-. 

4) a heteroatom selected from the group consisting ot 

nitrogen, oxygen, and sulfur; and 

5) -S(0)m-. 

In one embodiment of the method compounds of Formula I 
are those wherein Y is S(0)2 and R1 is d-ioalkyl. Cy or Cy-Ci-lO alkyl 
wherein alkyl is optionally substituted with one to two substituents 
independently selected from Ra, and Cy is optionally substituted with 
one to four substituents independently selected from Rb. . 

' In another embodiment of the method compounds of 
Formula I are those offormula la, lb or Ic. „ ^ 

. In another embodiment, the cell adhesion is mediated by 

VLA-4. 

Another aspect of the present invention provides novel 
compounds of Formula la: 

B-1 ' 



25 



o 4 ^2 o R4 Rs 

la 



or a pharmaceutically acceptable salt thereof, wherein the variables are 
as defined under fomula I with the proviso that is not oxo when 

attached to the carbon between N and B, and with the further proviso 



-13- 



. wo 99/64395 

■ PCT/DS98/n623 



> ; th.t when B and Z are each C, R2, R3. R6. and R7 are each H, then Rl is 
other than phenyl, 4-methylphenyl and 5-(NRdRe)naphthyl. 

In one subset of Formula la are compounds wherein Z is C 

5 IS C, C=C, C-C or S. Preferably B is C or C=C. 

is C(0)ORd. "'^""""^^ '^""^P^^^^ ^^^^^^ X 

Pi r , ^ iT*^^"" ^""^'^^ ^^'"'^^^ compounds wherein 

Rl IS d.ioalkyl, Cy or Cy-CMoalkyl wherein alkyl is optionally 

10 substituted with one to two substituents independently selected from Ra 
and Cy is optionally substituted with one to four substituents 
independently selected from Rb. For the purpose of Rl Cy is preferably 
; aryl optionally substituted with one to four substituents selected from Rb 
More preferred Rl is phenyl with a substituent on the 3-position and " 

sellTd^frl'^^^^^^ 

selected from Ci.ioalkoxy, halogen, cyano. and trifluoromethyl. 

p2 XT la are compounds wherein 

R2 .s H or Ci.6alkyl. Preferred R2 is H or Ci.3alkyl, more prefix," H 



15 



20 



25 
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or methyl 

T?3- xj la are compounds wherein 

R3.sHorCi.6alkyl. Prefexxed r3 is H or Ci.3alkyl, more prefl^W^^ 
or methyl. 

R5 i« w . t ^n^^"" ^^^'^^ °^ ^« compounds wherein 

R5 IS H and R4 xs CMQalkyl or Cy-CMoalkyl, wherein alkyl is optionally 

substituted with one to four substituents selected from phenyl and Rx 
and Cy is optionally substituted with one to four substituents 
independently selected from Ry; or R4 R5 and the carbon to which they 
are attached together fonn a 3-7 membered mono- or bicycHc carbon only 
nng. For the pu^^ose of R4, Cy is preferably aryl. more preferably 
phenyl. In a preferred embodiment, R4 is phenyl-Ci.salkyl, wherein 
phenyl is optionally substituted with one or two groups selected from Ry. 

In one embodiment of compounds of formula la are 
compounds of fonnula lb: 
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lb 



6 wherein R2 is H or Cl-B alkyl. a«d Rl, E3. R4 and RB are as defined 
previously under Formula I. In a preferred en>bcd.ment X is CO2H, Rl 
is arvl optionaUy substituted with one to four substituents selected from 
Rb^ ^ H; Esl H or Cl-3 alkyl; R^ i= phenyl-Ci-Salkyl, whe^m 
phlnyl is optionally substituted with one or two groups selected from BJ; 

10 -*«''^«-^„^^^,„,„,i„,.t„f,„nxpoundsofFormulaIaa« 
compounds of the formula Ik 



„ B-, Ba P? 





N 1 l\\ 

:7-(RV2 



Ic 



20 



wherein R2 is H or Ci^ alkyl, R6 is H. Cl 6 .1^1. ^^Of*'^^; ^ 
NRdR^ or NE'iC(0)E« B is S. C=C, C or C-C. E3 ^ H or Cl^al^l, R 
and Ry are as defined under Formula I. Preferably B is C and Rb .s 
halogen, Cl-lOaltoy. '3'ano, or trifluraromethyl. 
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d™»in. n """P™-"*^ g»™>-ally composed of three 

domams: 1) an acyl deluding s« ^„iety. ,2) a cycUc amino add 1 
and 3) annno acid 2, and are „an,ed in a manner ,i.i,ar to that u'l, ^ 
name ohogopeptides. Representative names used herein and t2 

toZlf"^r'~/"° stereochemistry, 
to lUBstrate the nomenclature used in the appUcation 




COgH 



N-(3,5-dichloroben2enesulfonyl)-(L)-pipecolyl-(L)^^ 

CI 

H 

/ho /^-Nv^COaH 
0 0 





tert- 



PCTAJS98/11623 

WO 99/64395 





H 






^COgH 
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N44-(N'.2-toluylureido)phenylacetyl-,(L).prolyl-( 

^ O (CH2)3 

^CHg 
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20 




"Alkyl" as well as other groups having the prefix "alk", . 
such as alkoxy. alkW. means carbon chains winch may ^-^-^ " 
branched or combinations thereof. Examples of alkyl groups xnclude 
n^ethyl. ethyl, propyl, isopropyl. butyl, M.- and t^-bu^Vp 

hpntvl octvl, nonyl, and the like. 

"Alkenyl" means carbon chains which contain at least one 
carbon-carbon double bond, and which may be linear or branched or 
combinations thereof. Examples of alkenyl include vinyl, ally , 
isopropenyl pentenyl, hexenyl. heptenyl. 1-propenyl, 2-butenyl, 2- 

meilivl-2-butenyl, and the like. 

"Attinyr mean, carbon chains which contain at least one 
carbon-carbon triple bond, anffwhich may be linear or branched or 
combinations thereof. Examples of alkynyl include ethynyl, propargyl. 
3-methTl-l-pentynyl,2-heptynyl and the like. 

3 methyl ^ y^^^^^, „^ Acyclic saturated carbocychc 

rings, each of which having from 3 to 10 carbon -^^^^jj^; 
Ju^es monocyclic rings fused to an aryl group in wh.d, the p^t of 
atuchment is on the non-aromatic portion. Examples of cydoalkyl 



-17- 



wo 99/64395 



PCT/US98/11623 



10 



include cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, 
tetrahydronaphthyl, decahydronaphthyl, indanyl/and tL U^^^ 

"Aryl" means mono- or bicyclic aromatic rings containing 
only carbon atoms. The term also includes aiyl group fused to a 
monocyclic cycloalkyl or monocyclic heterocyclyl group in which the 
point of attachment is on the aromatic portion. Examples of aiyl include 
phenyl, naphthyl. indanyl, indenyl, tetrahydronaphthyl, 2,3- 
dihydrobenzofuranyl, benzopyranyl, l,4-ben2odioxanyl, Ind the like. 

"Heteroaryl" means a mono- or bicyclic aromatic ring 
containing at least one heteroatom selected from N, 0 and S, with each 
ring containing 5 to 6 atoms. Examples of heteroaiyl includl pyrrolyl, 
isoxazolyl, isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, 
thiadiazolyl, thiazolyl. imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, . 
thienyi, pyrimidyl, pyridazinyl, pyrazinyl, benzoxazolyl, benzothiazolyl, ' 
15 , benzimidazolyl, benzofuranyl, benzothiophenyl. furo(2,3-b)pyridyl, 
quinolyl, indolyl, isoquinolyl, and the like. 

"Heterocyclyl" means mono- or bicyclic saturated rings 
containing at least one heteroatom selected from N, S and 0. each of said 
ring having from 3 to 10 atoms in which the point of attachment may be 
20 carbon or nitrogen. The term also includes monocyclic heterocycle fused 
to an aryl or heteroaiyl group in which the point of attachment is on the 
non-aromatic portion. Examples of "heterocyclyl" include pyrrolidinyl, 
piperidinyl, piperazinyl, imidazolidinyl, 2,3-dihydrofuro(2,3.b)pyridyl, ' 
benzoxazinyl, tetrahydrohydroquinolinyl, tetrahydroisoquinoUnyl, 
25 dihydroindolyl, and the like. The term also includes partially 

unsaturated monocyclic rings that are not aromatic, such as 2- or 4- 
pyridones attached through the nitrogen or N-substituted-(lH,3H)- ' 
pyrimidine-2,4-diones (N-substituted uracils). 

"Halogen" includes fluorine, chlorine, bromine and iodine. 

Optical Isomers - Diastereomers - rrPn m etnr. Unm^r s . Taiitnivpr^ 

Compounds of Formula I contain one or more asymmetric 
centers and can thus occur as racemates and racemic mixtures, single 
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enantiomers, diastereomeric mixtures and individual diastereomers. . 
The present invention is meant to comprehend all such isomeric forms, 
of the compounds of Formula 1. 

Some of the compounds described herein contain olefinic 
5 double bonds, and unless specified otherwise, are meant to include both 

E and Z geometric isomers. 

Some of the compounds described herein may exist with 

^ different points of attachment of hydrogen, referred to as tautomers. 
Such an example may be a ketone and its enol form known as keto-enol 

10 tautomers. The individual tautomers as well as mixture thereof are 
encompassed with compounds of Formula I. 

Compounds of the Formula I may be separated mto 
diastereoisomeric pairs of enantiomers by, for example, fractional 
crystalhzation from a suitable solvent, for example methanol or ethyl 

15 acetate or a mixture thereof The pair of enantiomers thus obtamed may 
be separated into individual stereoisomers by conventional means, for 
example by the use of an optically active acid as a resolving agent. 

Alternatively, any enantiomer of a compound of the general 

Formula I or la may be obtained by stereospecific synthesis using^ 
20 optically pure starting materials or reagents of known configuration. 

^ The term "pharmaceutically acceptable salts" refers to salts 

prepared from pharmaceutically acceptable non-toxic bases or acids 

25 including inorganic or organic bases and inorganic or organic acids. 
Salts derived from inorganic bases include aluminum, ammonium, 
calcium, copper, ferric, ferrous, Hthium. magnesium, mangamc salts, 
manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, calcium, magnesium, potassium, and 

30 sodium salts. Salts derived from pharmaceutically acceptable organic 
non-toxic bases include salts of primary, secondary, and tertiary 
amines, substituted amines including naturally occurring substituted 
amines, cyclic amines, and basic ion exchange resins, such as arginme, 
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betaine diethylamine 
. ^dxethylanainoethanol, 2-diMethylaxninoethanol, ethanolaxnine ' 
e hylenedianxine, N-ethyl-n.orpholin^^ 

glucosa^me, histidine. hydrabaniine. isopropylaxnine. lysL, 
methylglucamine, morpholine, piperazine, piperidine. polyaxnine 
resins, procaine, purines, theobromine, triethylamine, trimethylamine 
tnpropylamine, tromethamine, and the like. 

m.. K "^TJ^" """^''"'"''^ P"""^^* i« basic, salte 

may be prepared from phannaceutically acceptable non-toxic acids 
including morganic and organic acids. Such acids include acetic ' 
benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic' 
fumanc. gluconic, glutamic, hydrobromic, hydrochloric, isethionic, 
lactxc, maleic. malic, mandelic. methanesulfonic, mucic, nitric 
pamoic. pantothenic, phosphoric, succinic, sulfuric, tari;aric p-' 

hydrobromic, hydrochloric, maleic. phosphoric, sulfuric, and tartaric 
^*J^"b«™derstood that, as used herein, references to the 

'^^^^^'^*y°f*^^^°^PO"ndsofPonnula I to antagonize the 
actions of VLA-4 and/or a4p7 integrin makes them useful fo^ZlZ 

of VLA-4 and or a4p7to their various respective ligands. Thus, these 
antagonists will inhibit cell adhesion processes including cell activation 
migration, proliferation and differentiation. Accordingly, another ' 
aspect of the present invention provides a method for the treatment 
30 (including prevention. aUeviation, amelioration or suppression) of 
diseases or disorders or symptoms mediated by VLA-4 and/or a4B7 
bmdmg and cell adhesion and activation, which comprises 
admmistering to a mammal an effective amount of a compound of 
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Formula I. Such diseases, disorders, conditions or symptoms are for 
example (1) multiple sclerosis, (2) asthma, (3) allergic rhinitis, (4) 
allergic conjunctivitis, (5) inflammatory lung diseases, (6) rheumatoid 
arthritis. (7) septic arthritis. (8) type I diabetes. (9) organ transplantation 

5 rejection. (10) restenosis, (11) autologous bone marrow transplantation, 
(12) inflammatory sequelae of viral infections. (13) myocarditis, (14) 
inflammatory bowel disease including ulcerative colitis and Crohn's 
disease (15) certain types of toxic and immune-based nephritis, (16) 
contact dermal hypersensitivity, (17) psoriasis. (18) tumor metastasis. 

10 and (19) atherosclerosis. 
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DnsP Ranges . ^ c 

The magnitude of prophylactic or therapeutic dose of a 

compound of Formula I will, of course, vary with the nature of the 
severity of the condition to be treated and with the particular compound 
of Formula I and its route of administration. It will also vary according 

to the age, weight and response of the individual patient. ^-S^l^'f'^' 
daily dose range lie within the range of from about 0.001 mg to about 100 

mg per kg body weight of a mammal, preferably 0.01 mg to about 50 mg 
20 per kg. and most preferably 0.1 to 10 mg per kg, in single or dmded 
doses. On the other hand, it may be necessary to use dosages outside 

these limits in some cases. 

For use where a composition for intravenous 
administration is employed, a suitable dosage range is from about 0.001 
mg to about 25 mg (preferably from 0.01 mg to about 1 mg) of a compound 
of Formula I per kg of body weight per day and for cytoprotective use 
from about 0.1 mg to about 100 mg (preferably from about 1 mg to about 
100 mg and more preferably from about 1 mg to about 10 mg) of a 
compound of Formula I per kg of body weight per day. 

In the case where an oral composition is employed, a 
suitable dosage range is, e.g. from about 0.01 mg to about 100 mg of a 
compound of Formula I per kg of body weight per day, preferably from 
about 0.1 mg to about 10 mg per kg and for cytoprotective use from 0.1 mg 
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to about 100 mg (preferably from about 1 mg to about 100 mg and more 
preferably from about 10 mg to about 100 mg) of a compound of Formula 
1 per kg of body weight per day. 

For the treatment of diseases of the eye, ophthahnic 
preparations for ocular administration comprising 0.001-1% by weight 
solutmns or suspensions of the compounds of Formula I in an acceptable 
opntJiaJmic formulation may be used. 

Pbarroacputififll r:nr npo.t!it:innQ 

Another aspect of the present invention provides 
pharmaceutical compositions which comprises a compound of Formula 
I and a pharmaceutically acceptable carrier. The term "composition" 
as m pharmaceutical composition, is intended to encompass a product 
compnsmg the active ingredient(s). and the inert ingredient(s) 
(pharmaceutically acceptable excipients) that make up the carrier as 
well as any product which results, direcUy or indfrectly. from ' • 

combmation, complexation or aggregation of any two or more of the 
ingredients, or from dissociation of one or more of the ingredients or 
from other types of reactions or interactions of one or more of the ' 
ingredients. Accordingly, the pharmaceutical compositions of the 
present invention encompass any composition made by admixing a 

compound of Formula I, additional active ingredient(s). and 
pharmaceutically acceptable excipients. 

Any suitable route of administration may be employed for 
providing a mammal, especially a human with an effective dosage of a 
compound of the present invention. For example, oral, rectal, topical 
parenteral, ocular, pulmonary, nasal, and the like may be employed ' 
Dosage forms include tablets, troches, dispersions, suspensions 
solutions, capsules, creams, ointments, aerosols, and the like. 

The pharmaceutical compositions of the present invention 
comprise a compound of Formula I as an active ingredient or a 
phaimaceutically acceptable salt thereof, and may also contain a 
pharmaceutically accepteble carrier and optionally other therapeutic 
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topedients. Ite Urm "pharmaceutically acceptable »alt= refers to 
^prepared fron, pbannaceutically acceptable non-to.c bases or 
Judiag inorgamc bases or acids and orgaxuc b-™a. 

The compositions include compos.tions suitable for oral, ^ 
tooical parenteral (including subcutaneous. intramusculM, and 
"^v'eroustocular (ophthalmic), pulmona:, (aero^l inhalation), or 
"l^^Ltion, lough the most suitable route 
-°m depend on the nature and severity of tte conditions being treated 
: Te nature of the active ingredient. T^ey -^y^~^^^_ 
presented in unit dosage form and prepared by any of the methods weU 

known in the art of pharmacy. 

For administration by inhalation, the compounds of the 

present invention are conveniently delivered in the form of a. ae^sol 
Lay presentation from pressurized pacl^ or nebuhsers. The _ _ 
coLpoLds may also be delivered as pov,ders whi^ may be formulated , 
TiL powder composition may be inhaled with the aid of an 
^IXr^wderlnhaler device. The preferred delivery systems or 

^^tion L mete^d dose inhalation (MDI) aerosol^ ^^^^^U. 
formulated as a suspension or solution of a compound of Formula 1 m 
: XCl^l-ts such as fluorocarbons or hydrocarbons and^ 
"to iLltion (DPI) aerosol, which may be fo^ul^te^ - ^ dry 
of a compound of Formula I with or without additional 

suitable topical formulations of a compound of fo^iula I 
, include transdermal devices, aerosols, creams, ointments, lotions. 

dusting powders, and the like. ™„„„„i» I can be 

In practical use. the compounds of Formuta I cm be 

combined as the active ingredient in intimate admi^ with a 

;-rmaceutical ^^^J^^^^::^ 
" ::^Cor"of p";r«on desLd for admlnis^ation, e.g.. 

or^orpLnteral (including intovenous). In preparing the 
_ . ro^;;^ for oral dosage form, any of the usual pharmaceutical 
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inedia may be employed, such as, for example water rfv.ol, V 

trnders dismtegratmg agents and tha like in the case of oral solid 
preparabons such as. for example, powde:.. capsules and^^ with 

B«:ause of their ease of administration, tablets and capsules represent 
) the most advanUgeous oral dosage unit form in which case sZ 

he ZLTst::!'" "'^'"'^'^ ^ ^-=r:ltts ma. 

De coated by Standard aqueous or nonaqueous techniques. 

In addition to the common dosage forms set onf=K. 
compounds of Fonnula I may also he ^irr^JJ^CXZ ^Jl. 
^ »«ns^d/or delivery devices such as those described nTs Pa" 
Nos. 3,845,77 W899; 3.536,809; 3,698,123; 3.630.200 and 4^08 7^9 
suitable for „ ."^"""""^ compositions of the present invention ' 
suitable for oral admunstration may be presented as discrete units such 
a^^apsu^es. cachets or tablets each containing a prede^n^^, 

of the active mgredient. as a powder or gnmules or as a solution ra 
uspension in an aqueous liquid, a non-aqueous H,uid. an oil-i^-waL 

mulsion or a water-in-oini,uid emulsion. Such compositions mlyt 
P^pared by any of the methods of pharmacy but all methods induX tie 
atep of bnnging into association the active ingredient with the ca^l 
which constitutes one or more necessaiy ingredients: In g^tTTe 
^pos.t.0,. are prepared by uniformly and intimately a^' 
acbve ii^edient with U,uid carriers or finely divided Lud ca^erf^ 
both, and then, if necessaiy. shaping the product into the desired 
presentation. For e^ple, a tablet may be prepared by comp^„n „r 
molding, optionally with one or more accessory ingredLr 

Comp--e^ tablets may be prepared by compressing in a suitable 
machine, the active ingredient in a free-flowing for™ such as powder or 
granules, optionally mixed with a binder, lubricant, inert diluenr 
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• ^ ^efar^i' Molded tablets may be made by 
surface active or ^J^'-"? .^f ^ ^^e powdered compound 

molding in a suitable "-l^;- taWat contaius 
u^oisteued ^th an ''^l^^'^^^^^ ^ZZ^'^^^nt and each cachet 

rap— r r.::: t mfo. in^eae^^^ 

The foUowing are examples of representative 
phannaceuticai dosage forms for the compounds of Formula I: 



m g/mh 

10 
5.0 
0.5 
9.0 
1.0 



Tp j^^f^Mp. Suspen sionJlMi 
10 Compound of Formula I 
Methylcellulose 
TweenSO 

Benzyl alcohol 
Benzalkonium chloride 
15 Water for injection to a total volume of 1 mL 



Compound of Formula ! 
Microcrystalline Cellulose 

20 Povidone 

Pregelatinized Starch 
Magnesium Stearate 



m 

25 
415 
14.0 
43.5 

2^ 
500 



25 Gapsak 

Compound of Formula I 

Lactose Powder 
Magnesium Stearate 



p^fr/rapsule 

25 

573.5 

13. 
600 
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Aftrosol 

Compound of Formula I 
Lecithin, NF Liquid Concentrate 



por ranister 
24 mg 
1.2 mg 
25- . 
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Trichlorofluoromethane, NF 4,025 g 

Dichlorodifluoromethane, NF 12.15s- 

Combination Therapy 

«dm an a«ou.t commonly used therefor, contempor^neoudy j 

;;™^«'^-ompou„dofFo™u.aI.Whena^on,po2o^ 
Fomnla I ,s used contemporaneously with one or more oLr drL . 
Phannaceutical composition containing such other drugsTn Id^^^ I 
the compound of Formula I is preferred. Accordingly fhe 
^annaceutical compositions of the present invention 'mclude those that 
also cont^ .ne or more other active ing^dients. in addition to a 

:3"^ed r""' ^'"-"^"'^"^^veingredientsthatmay 
be combmed mth a compound of Formula I. «ther administered 

rh^^ r ^ — . '--e! hut are , 

(a) other VLA-4 antagonists such as those described in US ^ -iin 
WO97/03094, WO97/02289, WO96.407M, W0965^^, Z^^' 

a~Lt;''°^^""°r— -^~~^iassuch 
as beclomethasone. methylprednisolone. betamethasone, prednisone 

tZlT' r — upp^ssLts suT. 

cyclosponn, tacrolimus, rapamycin and other PK.506 type 

umnunosuppressants; (d) antihistamines (Hl-histamine antagonists) 
such as bromopheniramine, chlorpheniramine, dexchlorpheX^toe 
Wne clemastine, diphenhydramine. diphenylpyraLe, ' 
topelennamme, hydroxyzine, methdilazine, promethazine 
trmepra:rfne. a^atadine, cyproheptadine, antazoline, phenlramine 
pynlam.ne, astemi^ole. t«fenadine, loratadine, cetirizine, . 

^U^U ""^^^ non-stermdal 
anb-asthmabcs such as p2-agonists (terbutaline, metaproterenol 
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fenoterol, isoetharine, dbute«l. hitolterol, sdmeterol and pirto^^^^^ 
, theophyUine. oromolyn sodium, atropine, ipratropi™ bromide, 
leukotriene antagomsts (zafirlukast, montelukast, pranlukaat_^ 
iralukast. pobilukast. SKB-106,203). leukotriene biosynthesis mlnbitors 
(zilauton. BAY.1006); (f) non-steroidal antiinflammatory agents 
(NSAIDs) such as propionic acid derivatives (alminoprofen. 
»ro L. bucloxic acid, carprofen, fe^bufen, fenoprofen, Huprofen, 
fl"fen. Ibuprofen. indoprofen, ketoprofen. miroprofen. — . 

, tiorprofe;^, acetic acid derivatives (indomethacm, acemetaem 

"I , clidanac, diclofenac, fenclofenac, fenclozio acid fenUazao. 
. t.nac,'ibu.nac, iso^epac, 

■ wltnl^boxylic acid derivatives (dillunisal and flufemsal). oxicams 
' — , sudoidcam and teno^can), saU^ates (acetyl 

salicylic add, sulfasalazine) and the pyrazolones (apazone. 
bezpiperylon, feprazone, mofebutazone, Dityphenbutazone. 

e,- Cg).cycloo^genase-2 (COX-2, inh*^^^^^^^^^ 

0 Lecodb; (h) inhibitors of phosphodiesterase j^™.'^' 
■.„t,«,msts of the chemokine receptors, especially CCR-1, CCK ^, ana 
^KCc^lesterol lowering agents such as HMG-CoA reductase 

Igents such as insulin, sulfonylureas, biguanidas (metformin), a 

glucosidase inhibitors (acarbose) and gUtazon^ (^^l^^-'; 
pioglitazone, engUtazone, MCC.655, BKI49663 and the^. (1) 
30 preparationsofinterferonbeta(interferonbeta.la..nterf«^nbetalb), 

(m) anticholinergic agents such as muscanmc 
ipratropium bromide); (n) other compounds such as S-ammosahcyhc 
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acid and prodrugs thereof, antfaetaboHtes such as azaauo„rin„ . . 
^ereaptepu^e, che^othe^pl^*^™:-^ " 

7"^-*veingredient.aybevariedsndwmdepe„d™^tle 
5 effective dose of each ingredient. Generallv >r, T T 

combined With an NSAID the we^t ratio' of t^el^pTC^l^,"^ 
dose of each ac«ve ingredient should be led ' " '^""^^ 

protected amino acid derivative A rLn. « J- N-Fmoc 
isload«c?n«f«*u ^^^°'°^ = ^"°^enyIinethoxycarbonyl) 

IS loaded on to the appropriate hydroxyl-containing resin usin^ ' 
dicyclohexylcarbodiimide fDCC) at,^ i ^ u ^ 
in H,-7r,ofK 1^ ^^^^^^^^l-^ydroxybenzotriazole CHOBt) 

m dunethylformamide (DMF) to eive R Th. tt ^'^^at) 

Fmoc-protected anuno acid derivative fiie coupled to cJT 

teh-an,ethyluromun> h«cafluor„phosphate (HBTU) HOB N « 

d^op«an.ine a)IEA) in DMF, to ^eld dip^p"^^^ 

Fmoc ^up « removed with piperidine m DMF to"eld ti ^ 

a-ne E An acid chloride or isocyanate derivativeT^a^e^t^th F 
m the presence of DIEA to vieldG « > / with E 

^.eresin with st.ng a.d T^. ^.^^:^^^ 
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Scheme 1 ' 

R3 o 

A pQQ HOBt R4 R5 

"5 DMF 



B 

HBTu, HOBt, 



DMF R4 R5 



r7 

6^ B-\z 08 



D 

Fmoc O ~ 

r6 B-\z^r8 0 



DMF 



Fmoc _ 

R^ - R1-Y-CI 

Re B-\5^r8I?3 O 



^ n Q R4 H5 



DIEA 



R^ 



y 

Ri 



R^ 
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In the second method YSchATno U J , 

Pha=e .3.,thetic methodology is o'tZ^^^ 
: add derivative A (Bo. - t^^kuC^ u ^ ^'^'^■I^ted amino 

(Hciineth^aj:: :r;™^t^e'rr''"''='"°^^'='^ 

a^ine Ewhich i. »ub.e,.e„T;CTd^ ^^^"^ ^ 

derf^tive£(Cb. = oa.bobenJ„^,ll:,: 

HOBt, and N-methylmorphoIine (^^MM1 ,„ *i. , ^' 
(Methylene chloride) to yield lepS ''^'"^ "^"^ 
fiin the p^ence of a pS^di™^^ L'^^^^^'' " 
Reaction of E with an a«vT.l,i„ • j ' '^'^y" yields fi 

DIEA and 4:^eth?wl ? - the presence of 

prod„; 13 ^ yi^f'he desired 
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Scheme 2 



NH 



R3 



r^r/''^ BF3-Et,0.CH,CI. 




A 



cyclohexane 



r7 



^ cbz Q 

EDC. HOBt 
NMM. CH2CI2 





H2. Pd/C 



CH3OH 




R1-Y-CI 
or 

R^-N=C=0 

DIEA 
4-DMAP 





TFA.CH2CI2 ^J^'o 



5 
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GEN ERAL PROCFPUE EZOR THE s^ni.mij >^^o^ m m JT-r m 

5 J^^a^^^ of N-FTTlor-aminn ..^^ ^.^ ,.ptT-... nnfn 

N-Fmoc-amino acids were loaded on either Wang® 
^albiochem-Novabiochem Corp.) or Chloro (2-chlorotrityl) resin 
Wang® resm, typically 0.3 mmol, was washed with 

in 1, w '^^^^Womamide (3 mL) was transferred to the pre- 
10 swollen Wang® resin. Bicyclohexylcarbodiinaide (0.3 n.n.ol) ^d Tl 
hydroybenzWazole (0.3 mmol) was added and the mixture gently 
sw^led for 2 hours. Following filtration, the resin was sequLiaUy 

It) r *^es) and dichloromethane (3 

fames).^The ammo aad substitution value obtained after vacuum 

l& diymg tiypically ranged between 0.07 to 0.1 mmol. 

Alternatively, Chloro (2-chorotrityl) resin. typicaUy 0 2 
mmoLwaspre-swollenindimethylformamide. A solution of N- ' 
Fmoc-amino acid (0.2 mmol) in dimethylformamide (3 ml) was added 

20 ImonT ''"^^^^^ of H,N-diisopropylethylamine(0.4 

20 mmol) The resin was gently stirred for 2 hours, filtered and washed 

^ 1 ^-ethylfonnamide (3 times) and dichloromethane 
(3 times). The resin was finaUy washed with 10% methanol in 
dichloromethane and vacuum dried. The amino acid substitution 
25 iTl^T ^"'"^ '"^''^ 0-05 to 

S*®P^- DeprgtRctinn of th^ N.T?mn. f^»,^p 

The N-Fmoc protecting group was removed fi-om the 
resm firom Step A by treatment with 20% piperidine in 
30 dmiethylfomamide for 30 minutes. Following filtration, the resin 
was washed sequentially with dimethylformamide (3 times) 
^'^^--thane (1 time) and dimethylfonnamide (2 times) Lnd used 
in the subsequent reaction. 
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StepC, n.„p1,-r. ^ nf the n^vt N-Fmo r-amiTin nr.iH Herivative 

A solution of the next desired N-Fmoc-amino acid • 

derivative (0.4 ramol) in dimethylformamide (2 mL) was mixed with 
5 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium 
• hexafluorophosphate (0.4 mmol), l-hydroxybenzotriazole (0.4 imnol) 

and diisopropylethylamine (0.6 mmol). This solution was transferred 

to resin from Step B and typically allowed to react for 2 hours. 

Couplings were monitored by ninhydrin reaction. The coupUng 
10 mixture was filtered and the resin washed with dimethylformamide 

(3 times) and used in the subsequent reaction. 

Step D. Tlp prntfiction •Sl.Vmnc. groUD. 

The N-Fmoc protecting group was removed from the 
15 resin fi^m Step C by the procedure described in Step B and used in 
the subsequent reaction. 

StepE. A,>. Yi^tinn fnr aul fonvDntion) of th9 tPrmiTiRl ^mino group. 

The desired N-terminal capping reagent (sulfonyl) 
20 chloride or acyl chloride, or isocyanate) (0.4 mol) was dissolved in 
dimethylformamide (2 ml), mixed with 

diisopropylethylamine(0.8 mmol) and added to the resin from Step D. 
After approximately two hours, the resin was sequentially washed 
witii dimethylformamide^O times) and dichloromethane (3 tames). 

25 , . 

StepF. nipavatre of flpfiired prn«^nr,t.s from the resiPS. 

The final desired products were cleaved from the resins 
from Step E by gently stirring with a solution of trifluoroacetic 
acid:thioanisole:ethanedithiol (95:2.5:2.5); 3 hours for Wang® resm 

30 and 30 minutes for the Chloro (2-chorofaityl) resin. Following 

filti-ation, the solvents were removed by evaporation and the residue 
dissolved in acetonitrile (3 mL). Insoluble material was removed by 
filtration. The final products were purified by reverse phase 
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chromatography with a linear gradie^ \ 
tnfluoroacetic acid in water) and buffer B fO 1% f^fl \.. 

obtaaned by electrospray ionization ^ spe*„n,et^ „, 

to confirm the structure of each peptide. ■romeny 
The following compounds were prepared by the eeneral 



Ex. Compound Name 

(1) N-(3,4-dimethoxybenzeiiesulfonyl)-l,2,3,4. 

tetrahydroisoquinohne-3(S)-carbonyl-(L)- 
leucine 

(2) N-(3,4-dimethoxybenzenesulfonyl).l,2,3,4. 

tetrahydroisoquinoIine-3(S)-carbonyl-(L). 
arginine 

(3) N-(3,4.dimethoxybenzenesulfonyl).l,2,3,4. 

tetrahydroisoquinoIine-3(S)-carbonyKL)- 
glutamic acid 

(4) N-(3>4-dimethbxybenzenesulfonyl).l,2,3,4. 

rs^ *f;^y'^"°^«°^"^^°li^e.3(S)-carbonyl4lycine 
W ■N-(3,4-dmiethoxybenzenesulfonyl).l,2,3,4. 

tetrahydroisoquinoHne-3(S)-carbonyI-a)-(l. 
naphthyDalanine 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4. 

tetrahydroisoquinoline-3(S).carbonyHL)-a-t- 
butylglycine 



(6) 



MS* 
491 

534 

507 

435 
575 

491 
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(7) 



(8) 



N-(3,4-dimeth03grbenzenesulfonyl)-l,2,3,4- 531 
tetrahydroisoqviinoline-3(S)-carbonyl-(L)-3-(2- 

thienyDalanine 

N-(3,4-dimethdxybenzenesulfonyl)-l,2,3,4- 531 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

cyclohexylalanine 

(9) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 575 
t6trahydroisoquinoline-3(S)-carbonyl-(L)-3-(2- 

naphthyDalanine 

(10) .N-(3,3-diphenylpropanoyl)-l,2,3,4-tetrahydro 498 
isoquinoline-3(S)-carbonyl-(L)-norleucine 
N-(2,4-dinitrobenzenesulfonyl)-l,2,3,4- 521 
tetrahydroisoqvunoline-3(S)-carbonyl-(L)- 

norleucine 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 601 
tetrahydroisoquinoline-3(S)-carbonyKL)-3,3-. 

diphenylalanine 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 537 
tetrahydroisoquinoline-3(S)-carbonyl-l,2,3,4- 
tetrahydroisoqviinoline-3-carboxylic acid 
N-(3 ,4-dimetho:Qrbenzenesvilfonyl)-l,2,3,4- 475 
tetrahydroisoqmnoline-3(S)-carbon.yl-(L)-proliiie 

(15) N-dansyl-l,2,3,4-tetrahydroiBoquinoline-3(S)- 511 
carbonyl-(L)-norleucine 

(16) N-(2-naphthalenesulfonyl)-l,2,3,4-tetrahydro 481 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(17) N-(4-methoxybenzeiiesulfonyl)-l,2,3,4-tetrahydrp 461 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(18) N-(4-phenylbenzoyl)-l,2,3,4-tetrahydro 471 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(19) N-(3,4-dimethylbenzenesulfonyl)-l,2,3,4- 481 
tetrahydroisoquiiioUne-3(S)-carbonyl-(L)-cysteine 



(11) 



(12) 



(13) 



(14) 
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(20) 


N-(4.t-bu1ylberizenesuIfonyl)-l,2,3,4-tetrahydro 


.487 


(21) 


isoquinoline-3(S)-carbonyl-(L)-norleucme 




N-(2,5-dichlorobenzenesnlfonyl)-l,2,3,4- 


498 




tetrahydro isoqmnoline-3(S)-carbonyl-(L)- 




norleucine 




(22) 


N-(2-inesitylenesulfonyl)-l,2,3,4-tetrahydro 


rr/u 


(23) 


isoquinoline-3(S)-carbonyl-(L)-norleucine 




N-(p-toluenesulfonyl)-l,2,3,4-tetrahydro 


444 


(24) 


isoquinoline-3(S).carbonyl.(L)-norleucine 




N.(4-chlorobenzenesulfonyI).l,2,3,4-tetrahydro 




(25) 


isoquinoline-3(S)-carbonyl-(L)-norIeucine 




N-(N'-acetylsulfaniIyl)-l,2,3,4-tetrahydro 




(26) 


isoquinoIine-3(S)-carbonyl-(L)-norleucine 




N-(4-fluoroben2enesulfonyl)-l,2,3,4-tetrahydro 


449 


(27) 


isoquinoline-3(S)-carbonyi-(L)-norleucine 




N-(l-naphthalenesulfonyl)-l,2,3,4-tetrahydro 


481 


(28) 


isoquinoline-3(S)-carbonyl-(L)-norleucine 




N-(ben2ylsuIfonyl)-l,2,3,4- 


44o 




tetrahydroisoquinoline-3(S)-carbonyl-(L)- 




norleucine 




(29) 


N-(4-nitrobenzenesulfonyl)-1.2 3 4.tetra]ivHT.n 


476 


(30) 


isoquinoline-3(S)-carbonyl-(L)-norleucine 




N-(3,4-diinetho3grben2enesulfonyl)-l,2,3,4- 


525 




tetrahydroisoquinoline-3(S)-carbonvl-fL). 




phenylalanine 




(31) 


N -(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 

tetrahydroisoqmnoline-3(S)-carbonyl-(L)- 
glutamine 


506 


(32) 


N-(3,4-dimethoxyben2enesulfonyl)-l,2,3,4. 

tetrahydroisoqvdnoline-3(S)-carbonyl-(L)-(4- 
nitrophenyDalanine 


570 
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(33) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 492 
,tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
asparagine 

(34) N-(3,4-diiiiethoxybenzenesulfonyl)-l,2,3,4- 509 
tetrahydroisoquinoline-3(S)-carbonyKL)- 
methionine 

. (35) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 539 
tetrahydroisoqiiinoline-3(S)-carbonyl-(L)- 
homophenylalanine 

(36) N-(3,4-diiiiethoxybenzenesulfonyl)-l,2,3,4- 491 
tetrahydroisoquiiioline-3(S)-carbonyl-(D)- 
norleucine 

(37) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 543 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-(4- 
fluorophenyDalanine 

(38) N-(3-toluenesulfonyl)-l,2^3,4-tetrahydro 445 
isoqiiinoline-3(S)-carbonyl-(L)-norleucine 

(39) /N-(4-trifluoromethylbenzenesulfonyl)-l,2,3,4- 499 

tetrahydroisoqmnoline-3(S)-carbonyKL)- 
norleucine 

(40) N-(4-n-propylbenzenesulfonyl)-l,2,3,4-tetrahydro 473 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(41) N-(4-isopropylbenzenesulfonyl)-l,2,3,4- 473 
tetrahydroisoqmnoline-3(S)-carbonyl-(L)- 
norleucine 

(42) N-(2,6-dichlorobenzenesulfonyl)-l,2,3,4- 499 
tetrahydro isoqxiinoline-3(S)-carbonyKL)- 
norleucine 

(43) N-(4-ethylbenzenesulfonyl)-l,2,3,4-tetrahydro 459 
. isoquinoline-3(S)-carbonyl-(L)-norleucine 

(44) N-(2,4-difluorobenzenesulfonyl)-l,2,3,4- 467 
tetrahydro isoquiiioline-3(S)-carbonyKL)- 
norleucine 

-37- 



N-(2-cyanobenzenesulfonyl).l,2,3,4-tetrahydro 
isoquinoline-3(S)-carbonyl-(L).norleucine 
N-(4-tert-ainylbenzenesulfonyl)-l,2,3,4- 
tetxahydro isoquinoline-3(S)-carbonyKL)- 
norleucine 

N-(4-chloro-3-nitrobenzenesuIfonyl)-l,2,3,4. 

tetrahydrois6qtiinoline-3(S)-carbonyl-(L)- 
norleucine 

N-(3-cyanoben2oyl)-l,2,3,4-tetrahydro 

isoquiiioline-3(S)-carbonyKL)-norleucine 

N-(3,5-dichlorobenzenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyI-(L)- 
norleucine 

N-(3,4-dichloroberizenesTilfonyl)- 1,2,3,4- 

tetrahydroisoqmnoline-3(S)-carbony(L)- 
norleucine 

.N-(2-trifluoromethylbenzenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine 

N-(2,3-dichlorobenzenesulfonyl)- 1,2,3,4- 
tetrahydro isoquinoline-3(S)-carbonyl-(L)- 
norleucine 

N-(2,4-dichlorobenzenesulfonyl)-l,2,3,4- 
tetrahydro isoquinoline-3(S)-carbonyl-(L)- 
norleucine 

N-(2,5-diinethoxybenzenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

norleucine 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 

tetrahydroisoqmnoline-3(S)-carbonyl-(L)-serme 

N-(3,4-dimethoxybenzenesiilfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

isoleucine 
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(57) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 564 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

... tryptophan 

(58) N-(2,l,3-benzothiadiazole-4-sulfonyl)-l,2,3,4- 489 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
tryptophan 

(59) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 526 
tetrahydroisoqvimoline-3(S)-carbonyl-(L)-3-(3- 

pyridyDalanine 

(60) N-(3,4-dmiethoxybenzenesulfonyl)- 1,2,3,4- 603 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-3-(2- 

naphthyDalanine, ethyl ester 

(61) N-acetyl-l,2,3,4-tetrahydroisoquinoline-3(S)- 333 
carbonyl-(L)-norleucine 

(ffi) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 491 
tetrahydroisoquinolihe-3(R)-carbonyl-(D)- 
norleucine 

(63) N-propionyl-(L>prolyM,2,3,4-tetrahydro 348 
isoqmnoline-3(S)-carbonyl-(L)-norleucine 

(64) N-(4-cyanobeiizenesulfonyl)-l,2,3,4-tetrahydro 456 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(65) N-(benzenesulfonyl)-l,2,3,4-tetrahydro 431 
isoqumoline-3(S)-carbonyl-(L)-norleucine 

(66) N-(3-nitrobenzenesulfonyl)-l,2,3,4-tetrahydro 476 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(67) N-(3-trifluoromethylbenzenesulfonyl)-l,2,3,4- 499 
t6trahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(68) N-(2-thienylsulfonyl)-l,2,3,4-tetrahydro 437 
isoquinoline-3(S)-carbonyl-(L)-norleucme 

(69) N-(3,4-diinethoxybenzenesulfonyl)-l,2,3,4- 505 
tetrahydroisoquinolme-3(S)-carbonyl-(L)-N- 
methylleucine 
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(70) N-(3,4-dixnethoxybenzenesulfonyl)-l,2,3,4- 535 
tetrahydroisoquinoliiie-3(S)-carbonyKL)- 
citrulline 

(71) N-(4-iodoben2enes\ilfonyl)-l,2,3,4-tetrahydro 557 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(72) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-(3- 613 
iodo)tyrosine 

(73) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L^^^ 472 
(3-pyridyl)alanme 

(74) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)- 471 
phenylalanine 

(75) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)- 453 
glutamic acid 

; (76) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 480 
arginine 

(77) N-(N-(3,5-dichlorobenzenesulfonyl)-(L^^^ 
amino-cyclopentane-1-carboxyIic acid / 

(78) N-(3,5.dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 541- 
(3 ,4-dichlorophenyl)alanine 

(79) N-(3,5-dichlorobenzenestilfonyl)-(L)-prolyl-(L)-3- 549 
(2-naphthyl)alaiune, ethyl ester 

(80) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 550 
(4-bromophenyl)alanine 

(81) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 516 
(4-nitrophenyl)alamne 

(82) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 478 
(4-thiazolyl)alanine 

(83) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 507 
(2-chlorophenyl)alanine 

(84) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 507 
(4-chlorophenyl)alanine 

(85) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-3- 496 V 
(4-cyanophenyl)alanine 
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(86) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 


586 




tyrosine, 0-sulfate 


739 


(87) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 




3,5-diiodotyrosine 




(88) 


N-(3,5-dichlorobenzeiiesulfonyl)-(L)-prolyl-(L)- 


488 




tyrosine 


438 


(89) 


N-(3,5-dichlorobeiizenesulfoiiyl)-(L)-prolyl-(L)- 




aspartic acid 


510 


(90) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 




tryptophan 


454 


(91) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 




methionine 




(92) 


N-(3,4-dinietho3qrbenzenesulfonyl)-(L)-prolyl-(L)- 


429 




norleucine 




(93) 


N-(3,5-di(trifluoromethyl)benzenesulfonyl)-(L)- 


589 




prolyl-(L)-3-(2-naphthyl)alanine 




(94) 


N-(3,4-dimethoxybenzenesulfoiiyl)-(L)-thiaprolyl- 


531 




(L)-3-(2-naphthyl)alanme , . 




(95) 


N-(3,4-dimethoxybenzenesulfonyl)-(L)-thiaprolyl- 


447 




(L)-norleucine 




(96) 


N-[4-(N'-2-toluylureido)phenylacetyll-(L)- 


597 




thiaprolyl-(L)-3-(2-naphthyl)alanine 




(97) 


N-(3,5-dichlorobenzenes\ilfonyl)-(L)-thiaprolyl- 


539 




(L)-3-(2-naphthyl)alanine 




(98) 


N-(3,4-dimetho:qrbenzenesulfonyl)-(L)-pipecolyl- 


443 




(D-norleucine 




(99) 


N-(3,4-dimethoxybenzenesTilfonyl)-(L)-pipecolyl- 


471 




(L)-norleucine, ethyl ester 




(100) 


N-(3,5-dichlorobenzenesiilfonyl)^(L)-pipecolyl-(L)- 


• 499 




homophenylalanine 




(101) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)- 


• 626 




(3-iodo)tyrosiixe 
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(102) N.(3,5-dichloroben2enesulfonyl).(L)-pipecolyHL)- 535 
3-(2-naphthyl)alanine 

(103) N-[4-(N^2-toluylureido)phenylacetyl]-(L). "593 
pipecoliny(L)-3-(2-naphthyI)alamne 

(104) N-l3,5-di(trifluoroinethyl)benzenesulfonyl)l-(L)- 603 
pipecolyl-(L)-3-(2-naphthyl)alanine 

(105) N-(3,4-dimethoxybenzenesulfonyl).(L).pipecoIyl. 555 
(L).3-(2-naphthyl)alanine, ethyl ester 

(106) N-(3,4.dimethoxybenzenesulfonyl)-(L). • 433 
octahydroisoquinoline-3.carbonyl.(L).norleucine 

(107) N-(3.4-dimethoxybenzenesulfonyl).azetidin6-2- 415 
carbonyl-(L)-norleucine 

(108) N-(3,5-dichIorobenzenesulfony])-(L)-4(S)- 537 
hydroxyproIyl-(L)-3-(2-naphthyl)alanine 

(109) N-(3,4-dimethoxybenzenesuIfonyl).(L)-4(S)- 445 
hydroxyprolyl-CD-norleucine 

(110) N-(3,4-dimethoxybenzenesulfonyl)-(L)-3,4- 427 
dehydroprolyl-(L)-norleucine 

.. (Ill) N-(3-bis(N,N- 

benzenesulfonyl)aminobenzenesulfonyl)-(L)- 
prolyI-(L)-norleucine 

(112) N.(3,5-dichIorobenzeneaulfonyl).(L)-prolyl-(L)-3. 472.2 
(4-pyridyl)alanine 

(113) N-(3,5-dxchlorobenzenesulfonyI)-(L)-4(R). 535 2 
aminoproIyHL)-3-(2-naphthyl)alanme 

(114) N-(3,5-dichlorobenzenesulfonyl)-(L)-3,4- 437^ 
dehydroprolyl-(L)-4-fluorophenylaIamne 

(115) N.(3-chlorobenzenesiilfonyl)-(L)-prolyl-(L).4- 455.1 
fluorophenylalanine 

(116) N-(3,5-dichlorobenzenesulfonyl).(L)-4(R). 5052 
hydroxyprolyl-(L)-4-fluoropheiiylalamne 

(117) N-(3,5-dichlorobenzenesulfonyI).(L)-thiaproiyi. 505.0 
(L)-tyrosine 
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(118) 


N-(3,5-dichlorobenzenesvilfonyl)-(L)-thiaprolyl- 


631.0 




(L)-3-iodotyrosine 


489.3 


(119) 


N-(3-fluorobenzenesulfoiiyl)-(L)-thiaprolyl-(L)-3- 




(2-naphthyl)alanine 


485.4 


(120) 


N-(3-fluorobenzenesulfonyl)-(L)-pipecolyl-(L)-3-(2- 




naphthyDalanine 


457.2 


(121) 


N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-4- 




fluorophenylalanine 


439.2 


(122) 


N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4- 




fluorophenylalanine 


453.3 


(123) 


N-(3-chlorobenzenesulfoiiyl)-(L)-3,4- 




dehydroprolyl-{L)-4-fluorophenylalanine 


455.0 


(124) 


N-(3-fluorobenzenesulfonyl)-(L)-4(R)- 




hydroxyprolyl-(L)-4-fluorophenylalanine 


471.0 


(125) 


N-(3-chlorobenzene8ulfonyl)-(L)-4(R)- 




:hydroxyprolyl-(L)-4-fluorophenylalanme 


503.1 


(126) 


N-(3,5-dichl<«-obenzenesulfonyl)-(L)-pipecplyl-(L)- 




4-fluorophenylalanine 


435.3 


(127) 


N-(3-fluorobenzen6sulfonyl)-(L)-3,4- 




dehydroprolyl-(L)-tyrosine 


493.2 


(128) 


N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl- 




(L)-tyrosine 


453.2 


(129) 


N-(3-fluorobenzenesulfonyl)-(L)-4(R)- 




hydroxyprolyl-(L)-tyrosine 


469.2 


(130) 


N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 




hydroxyprolyl-(L)-tyrosine 


453.3 


(131) 


N-(3-fluorobenzenesulfonyl)-(L)-pipecolyl-(L)-4- 




fluorophenylalanine 


509.1 


(132) 


N-(3-fluorobenzeiiesulfonyl)-(L)-4(R)- 




hydroxyprolyl-(L)-tyrosine, 0-tert-butyl ether 


525.3 


(133) 


N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 
hydroxyprolyl-(L)-tyrosine, 0-tert-butyl ether 
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491.1 
507.3 



(134) N-(4,5-dichloro-2-thiophenesulfonyl).(L)-3,4- .491.1 
dehydroprolyl-CD-tyrosine 

(135) N-(3,5-dichlorobenzenesulfonyl)-(L)-3(S)-methyl- 503.1 
prolyI-(L)-4-fluorophenylalamne 

(136) N-(4,6-dichloro-2-thiophenesulfonyl).(L)-3,4. 485.1 
dehydroprolyl-(L)-tyrosine 

: (137) N-(3-fluorobenzenesulfonyl)-(L)-3,4. 

dehydroprolyKD-tyrosine, 0-tert-butyl ether 

(138) N-(3-chlorobenzenesulfonyl)-(L)-3,4- 
dehydroprolyl-(L)-tyrosine, 0-tert-butyl ether 

(139) N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl. 469.1 
prolyl-(L)-4-fluorophenylalanine 

(140) N-(3-chlorobenzenesulfony]).(L)-2CS)-methyl- 467.3 
prolyl-(L)-tyrosine 

(141) N-(3-chIorobenzenesulfonyl)-(L)-2(S)-methyI- 523.2 
prolyKD-tyrosine, 0-tert-butyl ether 

(142) N-(3,5-dichlorobeiizenesulfonyl)-(L).2(S)-methyl- 501.0 
prolyl-(L)-tyrosme 

(143) N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-3- 563.1 
iodotyrosine 

(144) N-(3-chlorobenzenesulfonyl).(L).prolyl.(L).3- 579.0 
iodotjrrosme 

(145) N-(3-fluorobenzenesulfonyl)-(L).prolyKL)-3- 421.1 
phenylalanine 

(146) N-(3-chlorobenzenesulfonyl).(L)-prolyl.(L)- 437.3 
phenylalanine 

(147) N.(3,5-dichlorobenzenesulfonyI)-(L)-prolyl-(L)- 471.2 
phenylalanine 

(148) N-(3-fluorobenzenesulfonyl)-(L)-4(R),- 437 3 
hydroxyprolyKD-phenylalanine 

(149) N-(3-chlorobenzenesulfonyl)-(L)-4(R). 4532 
hydroxyprolyKD-phenylalanine 
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(150) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4- 476.1 
dehydroprolyl-(L)-3-(4-pyridyl)alanine 

(151) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)- 495.9 
tliiaprolyl-(L)-3-(4-pyridyl)alanine 

(152) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4- 492.9 
dehydroprolyl-(L)-4-fluorophenylalanine 

(153) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)- 487.1 
hydroxyprolyl-(L)-phenylalanine 

(154) .N-(3-trifluoromethylbenzenesulfonyl)-(L)-prolyl- 489.3 
(L)-4-fluorophenylalanine 

(155) N-(3-trifluoromethylbeiizenesulfonyl)-(L)- 507.0 
thiaprolyl-(L)-4-fluorophenylalamne 

(156) N-(3-fluorobenzenesulfonyl)-(L)-3,4- 437.1 
dehydroprolyl-(L)-4-fluoropheiiylalamne 

(157) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- v 567.0 
tyrosine, 0-phosphoric acid 

(158) N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 468.3 
aminoprolyMD-tyrosine 

(159) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)- 510.9 
thiaprolyHD-tyrosine 

(160) N-(Nj-methyl-4-imidazolesulfonyl)-(L)-prolyl-(L)- 425.3 

4-fluorophenylalanine 

(161) N-(3,5-dichlorobenzenesulfonyl)-(D)-prolyl-(D)-4- 489.1 

fluorophenylalanine 

(162) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R)- 492.9 
aminoprolyl-(L)-3-(4-pyridyl)alanine 

(163) N-(5-(5-trifluoromethyl-2-pyridylsulfonyl)-2- 636.1 
thiophenesulfonyl)-(L)-prolyl-(L)-4- 

fluorophenylalanine 

(164) N-(5-{N-(4-chlorobenzoyl)amiiiomethyl))-2- 575.1 
thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine 
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(165) N<5-(3-(l-methyl-5-trifluoromethyl-pyra2oyl))-2- . 594.0 
thiophexiesulfonylHL)-prolyHL)-4- 
fluorophenylalanine 

(166) N-(3-fluorobenzenesulfoiiyl)-2(S)-inethylprolyl- 507.3 
(L)-O-tert-butyl-tyrosine 

(167) N-(3-fluorobenzenesulfonyl)-(L)-4(R)- 454^2 
aininoprolyl-(L)-4-fluorophenylalamne 

(168) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)- 504.3 
aininoprolyl-(L)-4-fluorophenylalanine 

(169) N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 470.1 
aininoprolyl-(L)-4-fluorophenylalanine 

(170) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(S)- 504.0 
amin6prolyl-(L)-4-fluorophenylalanine 

(171) N~(3-chlorobenzenesulfonyl)-(L)-thiaprolyHL)-4- 473.3 
fluorophenylalanine 

(172) N-(4-bromo-5-chloro-2-thiophenesulfonyl)-(L)- 540.9 
prolyl-(L)-4-fluorophenylalanine 

(173) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl- 513.0 
(L)-4-fluorophenylalanine 

(174) N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl- 756.7 
(L)-3,5-diiodotyrosine 

(175) N-(5-benzoylaminomethyl-2-thiophenesulfonyl)- 560.1 
(L)-prolyl-(L)-4-fliiorophenylalanine 

(176) N-(3-chlorobenzeiiesulfonyl)-(L)'prolyl-(L)-0-tert- 509.3 
butyl-tyrosine 

(177) N-(5-benzenesulfonyl-2-tluophenesulfonyl)-(L)- 567,0 
prolyl-(L)-4-fluorophenylalanine 

(178) N-(3-bromo-5-chloro-2-tliiophenesulfonyl)-(L)- 540.9 
prolyl-(L)-4-fluorophenylalanine 

(179) N-(3-chlorobenzenesulfonyl)-(L)-3,4- 451.2 
dehydroprolyKD-tyrosine 

(180) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 485.3 
homophenylalanine 

• • -46- ■ 
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(181) ' N-(4-benzenesulfonyl-2-thiophenes\ilfonyl)-(L)- 621.1 

prolyl-(L)-0-tert-butyl-tyrosine 

(182) N-(5-benzoylaininoniethyl-2-thiophenesulfoiiyl)- 614.2 
(L)-prolyl-(L)-0-tert-butyl-tyrosine 

(183) N-(trans-2-phenyl-ethylene-sulfonyl)-(L)-prolyl- 501.3 
(L)-0-tert-butyl-tyrosine 

(184) N-(5-benzenesulfonyl-2-thiophenesulfonyl)-(L)- 621.1 
prolyl-(L)-0-tert-butyl-tyrosine 

(185) N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-0- 511.2 
tert-butyl-tyrosine 

(186) N-(benzylsulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 489.3 

tyrosine 

(187) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 426.2 
cysteine, amide 

(188) N-(l-methyl-4-iniidazolylsulfonyl)-(L)-prolyl-(L)- 479.1 

O-tert-butyl-tyrosine 

(189) N-(4-(N-(4-dimethylaminophenyl)diazo)- 622.0 
benzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 

.tyrosine 

(190) N-(5-(4-trifluoromethylbenzenesidfonyl)-2- 690.2 
thiophenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 
tyrosine 

(191) N-(3-bromoben2enesulfonyl)^(L)-prolyl-(L)-0-tert- 553.2 
butyl-iyrosine 

(192) N-(4-methylsulfonyl-benzenesulfonyl)-(L)-prolyl- 499.2 
(L)-4-fluorophenylalanine 

(193) N-(4-methoxybenzenesulfonyl)-(L)-prolyl-(L)-0- 505.2 

tert-butyl-tyrosine 

(194) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl- 495.0 
(L)-3-fluorophenylalanine 

(195) N-(5-chloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 461.1 
fluorophenylalanine 
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(196) N<3-chlorobenzenesulfonylHL)-thiaprolyl.(L). 471.0 
tyrosine , " 

(197) N-(3,5-dichlorobenzenesulfonyl)-(L)-2{S)- 5586 
methylprolyl-(L)-0-tert-buiyl-tyrosine 

(198) N-(l(R)-(+).10.cainphorsulfonyl)-(L).prolyI-(L)-O- 549.3 
tert-butyl-tyrosine 

(199) N-(l(S)-(+).l0-camphorsulfonyl)-(L)-prolyl-(L).O. 549.3 
tert-butyl-tyrosine 

(200) N-(3,4-inethylenedioxy-phenylacetyl)-(L)-prolyl. 497.2 
(L)-0-tert-butyl-tyrosine 

(201) N-(3-chlorobenzenesulfonyl)-(L)-4(R). 5510 
hydroxyprolyl-(L)-tyrosine-0-sulfate ' 

(202) N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)- 553.7 
tyrosine-O-sulfate 

(203) N.(3,5-dichloroben2enesulfonyl)-(L)-prolyl.(L). 427.2 
cysteine 

(204) N-(3,5-dichloroben2enesulfonyl).(L).prolyl.(L)-N- 451.2 
methyl-isoleucine 

(205) N-(3,5-dichlorobenzenesiilfonyl)-(L)-4(R). 5583 
aminoprolyKD-O-tert-butyl-tyrosine 

(206) N-(3-chlorobenzenesulfonyl)-(L).4(R). 5244 
aminoprolyl-(L)-0-tert-butyl-tyrosine 

(207) N-(3-cyanobenzenesulfonyl).(L).prolyl.(L)- 444.3 
tyrosine 

(208) N.benz6nesulfonyl-(L)-prolyHL)-0-tert-butyl. 475.5 
tyrosine 

(209) N-(4-methylsulfonylbenzenesulfonyl)-(L)-prolyl- 553.2 
(L)-O-tert-butyl-tyrosine 

(210) N-(4,5-dichloro-2-thiophenesulfonyl).(L)-4(R). 564.3 
aminoproIyl-(L)-0-tert-butyl-tyrosine 

(211) N.(4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R)- 510.1 
aminoprolyl-(L)-4-fluorophenylalamne 
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(212) N-(9-fluorenylmethyloxycarbonyl)-(L)-prolyl-(L)- 485 
phenylalanine 

(213) N-(benzenesulfonyl)-(L)-prolyl-(L)-phenylalanine 403 

(214) N-(n-octyl-l-sulfonyl)-(L)-prolyl-(L)- 418 
phenylalanine 

(215) N-(3-fluorobenzenesulfonyl)-(L)-5(R)-phenyl- 515 
prolyl-(L)-4-fIuorophenylalanine 

(216) N-(3,5-<iichlorobenzenesulfonyl)-(L)-3(R)-phenyl- 582 
prolyl-(L)-4-iodophenylalanine 

(217) N-(3,5-dichlorobenzenesxilfonyl)-l,2,3,4- 568 
tetrahydro isoquinoline-l-carbonyl-(L)-4- 
fluorophenylalanine 

(218) N-(3,5-dichlorobenzenesulfonyl)-l,3-dihydfo 554 
isoindolyl-l-carbonyl-(L)-4-fluorophenylalanine 

(219) N-(4-(fluorescien-4-carbonylamino)benzene 879.2 
sulfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine 

(220) N-(3-ethoxycarbonyl-benzenesulfonyl)-(L)-prolyl- 547.2 
(D-O-tert-butyl-tyrosine 

(221) N-(4-iodobenzenesulfonyl)-(L)-prolyl-(L)-4- 633.0 
benzoyl-phenylalanine 

(222) N-(3-(4-benzophenonyl-carbonylainino)- 6985 
benzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 

t3rro3ine 

(223) N-(3-(6-(biotinylamino)-n-hexanoyl)- 829.4 
aniinobenzenesulfonyl)-(L)-prolyl-(L)-0-tert- 

butyl-tyrosine 

(224) N-(3,5-dichlorobenzenesulfonyl)-[3.1.01-3- 518 
azabicyclohexane-2-carbonyl-(L)-4- 
fluorophenylalanine 

* m/e: (M + 1(H*))* or (M + 18 (NH4*))* 

FyAMPLE225 
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10 



15 



N.(3,5.Dich]ornh P n^gy^,3,,lfoT,y])).rT,VnrnlvI.rT.>.a.(< ^^ 
(L)-3-(2-Naplit,hYl) alam-ne tPrt - h utvl p«w 

To a solution of N-Boc-2-naphthylalamne (1.0 g, 3.17 
mmol) in a mixture of methylene chloride (7 mL) and cyclohexane (14 
mL) were added t-butyl trichloroacetimidate (0.60 mL, 3.35 mmol) 
and boron trifluoride-etherate (60 ^iL, 0.473 mmol). The reaction 
mixture was stirred for 5 hours at room temperature under a 
nitrogen atmosphere and then treated a second time with the same 
amounts of t-butyl trichloroacetimidate and boron trifluoride-etherate 
as above. After stirring overnight, the mixture was filtered and the 
filtrate evaporated. The product was obtained pure by silica gel 
chromatography eluting with 10% diethyl ether in hexane; yield 843 
mg. The product was treated with IM HCl in ethyl acetate (11.5 mL) 
for 18 hours at room temperature. The mixture was evaporated and 
coevaporated several times with diethyl ether to afford the title 
compound; yield 670 mg. 

400 MHz IHNMR (CD3OD): 5 1.38 (s, 9H); 3.29-3.46 (m, 2H); 4.28 (t 
IH); 7.40-7.90 (m,7H). 

20 StepB: N-(Eeng!v1nvvcarhnnvl).( LVDro1v1-rT.)..q-(9- . 
naphthvnalaninfi. *:*^^-hntY^ '-ft"-. 

To a solution of H-(benzyloxycarbonyl)-(D-proline (536 mg, 
2.15 mmol) in methylene chloride (25 mL) were added 1- 
hydroxybenzotriazole (434 mg, 3.21 mmol), U-methylmorpholine 
25 (0.353 mL, 3.21 mmol), and (D-2-naphthylalamne tert-butyl ester 
hydrochloride (660 mg, 2.14 mmol). After cooling in an ice-bath for 5 
minutes, l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC) (493 mg, 2.57 mmol) was added. After 15 
minutes, the cooling bath was removed and the mixture stirred 
overnight under a nitrogen atmosphere. The mixture was diluted 
with methylene chloride, washed with water, 2N HCl, saturated 
NaHCOs solution, saturated brine solution, dried (anhydrous 
magnesium sulfate), and evaporated. Sihca gel chromatography 
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eluting with 30% ethyl acetate in hexane afforded pure title 
compound; yield 877 mg (81%). 

StepC: fT.VPTn1vl-(L)-?t-(9^-nflnhthv na1»ninfi. tert-butvl eater. 

5 A solution of Ii-(tenzyloxycarbonyl)-(L)-prolyl-(D-2- 

naphthylalanine tert-butyl ester (870 mg, 1.73 mmol) in methanol (30 
mL) was hydrogenated under an atmosphere of hydrogen gas in the 
presence of 10% paUadium-on-charcoal (75 mg) until complete 
disappearance of starting material (several hours) as indicated by 

10 TLC (30% ethyl acetate in hexane). The catalyst was removed by 
filtration through Celite, the filter washed with methanol, and the 
combined filtrate and washings evaporated to afford an oil that 
crystaHized upon standing; yield 604 mg (95%). 
400 MHz iH NMR (CD3OD): 5 1.40 (s, 9H); 2.00 (m, IH); 2.79 (m, 2H); 

15 3.16 (dd,lH); 3.58 (dd,lH); 4.67 (dd,lH); 7.32-7.81(m,7H). 

StepD: N-(.q , fi.Di chl nrnhpngene.«fv1fnnvnVfL)-T>rolvl-(L)-8- (2- 
Tia phthvDa^ i^r.infi. t.p.rt-hntvl ester. 

To a solution of (L)-prolyl-(D-2-naphthylalanine tert-butyl 
20 eister (400 mg, 1.09 mmol) in methylene chloride (10 mL) were added 
Ji,H-diisopropylethylamine (470 nL, 2.70 mmol), 4- 

dimethylaminopyridine (13 mg, 0.106 mmol), and 3,5- 
dichlorobenzenesulfonyl) chloride (320 mg, 1.30 mmol). The reaction 
mixture was stirred for 2 hours at room temperature, diluted with 
25 methylene chloride, washed with water, 2N HCl, saturated NaHC03 
solution, saturated brine solution, dried (Anhydrous magnesium 
sulfate), and evaporated. Pure title compound was obtained by siHca 
gel chromatography eluting with 20% ethyl acetate in hexane; yield 
501mg(80%). 

30 400 MHz IH NMR (CD3OD): 5 1.40 (s, 9H); 1.53-1.89 (m, 4H); 3.20-3.4o 
(m, 4H); 4.20 (dd, IH); 4.69 (dd, IH); 7.40-7.80 (m, lOH). 
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. (224)A cooled solution of H-(3,5.dicWoroben2enesulfonyl))^.pr^^^^^^ 

(L)-2-naphthylalanine tert-butyl ester (497 mg, 0.861 mznol) in 
methylene chloride (25 mL) was treated witii trifluoroacetic acid 
(3.5 mL, 0.045 mol). The cooHng bath was removed, and the 
mixture was stixred until TLC (25% ethyl acetate in hexane) 
indicated complete disappearance of starting material. The 
reaction mixture was then evaporated, coevaporated with 
methylene chloride (3X), toluene C2X), and finally methanol The 
product was dried under high vacuum; yield 445 mg (99%) 
MS:m/e521(M);537(M + NH3) s v»»%;. 

400 MH. IH NMR (CD3OD): 5 1.51-1.87 (m, 4H); 3.19-3.46 (m, 4H> 4 20 
(dd,lH); 4.80 (dd,lH); 7.39-7.82 (m,10H). 

The foHowing compounds were prepared by the 
proc^iures described in Example 225 using the appropriate amino 
acid derivatives and acyl or sulfonyl chloride or alkyl or aryl 
isocyanate: 



Ex. 


Compound Name 


MS* 


(226) 


N.[4.(N'-2-toluylureido)phenylacetyl-(L).proIyl- 
(L)-norleucine 


. 495 


(227) 


N-(3,4-dimethoxybenzoyl)-(L)-prolyl-a)- 
norleucine 


393 


(228) 


N-(3,4-dimethoxybenzenesulfonyl))-(L)-pipecolyl- 
(L)-tryptophan 


516 


(229) 


N-(4-nitroben2enesulfonyl))-(L)-prolyl-(L)- 
norleucine 


414 


(230) 


N-[3,5-di(trifluoromethyl)benzenesulfonyl)].(L)- 
prolyl-(L)-norleucine 


505 
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(231) 


N-(3,5-dichlorobehzenesulfoiiyl))-(L)-prolyl-(L)- 


437 




norleucine 




(232) 


N-(3-trifltioromethylbenzenesulfonyl))-(L)-prolyl- 


.437 




(L)-norleucine 




(233) 


N-[4-(benzoylainino)benzenesulfonyl))-(L)-prolyl- 


488 




(D-norleucine 




(234) 


N-(4-methoxy-3,5-dinitrpbenzenesulfonyl)-(L)- 


488 




prolyl-(L)-norleucine 


402 


(235) 


N-(3-chlorobenzenesulfonyl))-(L)-prolyl-(L)- 




norleucine 




(236) 


N-(3-trifluoromethylbenzenesiilfonyl))-(L)-prolyl- 


521 




(L)-3-(2-naphthyl)alanine 




(237) 


N-(3-nitrobenzenesiilfonyl))-(L)-prolyl-(L)- 


414 




norleucine 




(238) 


N-(3-cyanobenzenesulfonyl))-(L)-prolyl-(L)- 


394 




norleucine 




(239) 


N-(3,5-<iichlorobenzenesulfonyl))-(L)-prolyl-(L)- 


510 




tryptophan 


383 


(240) 


N-(3-methylbenzenesvilfoiiyl))-(L)-prolyl-(L)- 




norleucine 




(241) 


N-(3,5-dichlorobenzenesulfonyl))-(L)-3(S)-methyl- 


535 




prolyl-(L)-3-(2-iiaphthyl)alanine 




(242) 


N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 


488 




naphthyl)alanine 




(243) 


N-(3-fluorobenzeiiesulfonyl))-(L)-prolyl-(L>3-(2- 


471 




naphthyDalanine 


431 


(244) 


N-phenylacetyl-(L)-prolyl-(L)-3-(2- 




naphthyDalanine 


445 


(245) 


N-(3-phenylpropionyl)-(L)-prolyl-(L)-3-(2- 




naphthyDalanine 


432 


(246) 


N-(phenylaminocarbonyl)-(L)-prolyl-(L)-3-(2- 




naphthyDalanine 
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(247) N-(3,5-dicWorobenzeneaulfonyl)).(L)-2-methyI- 535 
prolyl-(L)-3-(2-naphthyl)-alanine 

(248) N.(ben2enesulfonyl)^L)-prolyHL)-3-(2- 453 
naphthyDalanine 



(249) N-(4-N'-phenylureidobenzenesulfonyl).(L).prolyl. 587 
(L)-3-(2-naphthyl)alanine 



(250) 


N-(3-fluorobenzenesiiIfonvlWT \ k tz j;.^„4.i. 1 


4SQ 


(251) 


proIyI-(L)-3-(2-naphthyl)alanine 




N-(4-N -(2-toluvl)u^Gidohpnyarfcoen^AN•*,»^^ /T \ 
prolyl-(L)-3-(2-naphthvl)alamne 


601 


(252) 


N-(3-fluorobenzenesulfonvlWT,'i-n^ni'.ri n \ a 


547 




iodophenylalanine 


(253) 


*^ wx-ojr X U.X ciuuuenzenesuuonyl)-(li)-prolyl- 
(L)-3-(2-naphthyl)alanine 


601 


(254) 


N-(Dheiivloyftlvl^-rT.^-n'frkiTri \ 0 /O 
\^xxcxxjr-iwAaiyi^-\^ij;-proiyi-^ij^-o-'(2- 


445 




naphthyDalanine 


(255) 


N-Cbenzylaminocarbonvl^-rTA-riTOi^ri /'t \ o /o 


445 




naphthyDalanine 


(256) 


N-(3-fluorobenzenesulfnnvl'i-^T ^ orcN ^^1.1. i 
^Avrxjrx \xj/ * •""wropnenyiaianine 


470 


(257) 


N-(3,5-dichlorobenzenesulfonyI)-(L)-2(S)-methyl- 
prolyl-(L)-4-fluorophenylalanine 


520 


(258) 


N-<3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 


565 


(259) 


phenylalaninamide-N-methylsulfonamide 


N-(3,5-dichloroben2enesulfonyI)-(L)-2(S)-methyl- 
prolyl-(L)-4-iodophenylalanine 


608 


(260) 


N-(3-fluoroben2enesulfonyl)-(L)-prolyl-(L)- 


261** 




phenylalanine 


(261) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-5- 


520 


(262) 


methylprolyl.(L)-4-fluorophenylalanine 


N-(3,5-dichlorobenzenesulfonyl)-3- 


568 




phenylazetidinyIcarbonyl-(L)-4- 




fluorophenylalanine 
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(263) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)- 
allylprolyl-(L)-4-fluoropheiiylalanine 

(264) N-(3,5-dichlorbbenzenesulfonyl)-(L)-2(S)-methyl- 
prolyl-(L)-phenylalanine 

(265) N-(3-trifluoromethylbenzenesulfonyl)-(L)-2(S)- .530 
methyl-prolyl-(L)-4-nitro-phenylalanine 

(266) N-(3,5-dichlorobenzenesvilfonyl)-(L)-3(R)-methyl- 502.3 
prolyl-(L)-4-fluorophenylalamne 

(267) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-inethyl- 509 
prolyl-(L)-4-cyanophenylalanine 

(268) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 545 
prolyl-(L)-4-(aminocarbonyl)-pheiiylalaiiiiie 

(269) N-(3,5-dichlorobenzenesulfonyl)-(L)-3(R)-inethyl- 631.4 
prolyl-(L)-4-(N-t-buto3Qrcarbonylaminomethyl)- 
phenylalanine 

(270) N-(3,5-dichlorobenzenesiilfonyl)-(L)-3(R)-methyl- 514.3 
prolyl-(L)-4-(aininomethyl)-phenylalajune 

* We: (M + 1 (IT))* or (M + 18 (NH4*))* 
** (M - 159: N/SOjAr cleavage) 

TCYAMPLE271 

5 

T^-(j^-T Yif l i^nrnmftthvlT)h AnvlsiilfonvlUL)-2(S)-giethyl-prQlYt-(L)-4- 

pnptaTninopheTivlalanmg. 

step A: TJ-ra-frifliinrom ^^^^hvlpHpnylsulfonvD-fT.)- 2(S)-Tnf^M-pyoM- 
10 a.1-4-amm n p>tftnvlala "^"*>i Twftt.hvl ester. 

To a solution of N-(3-trifluoromethylphenylsulfonyl)-(L)- 
2(S)-methyl-prolyl-(L)-4-nitrophenylalaniiie, methyl ester (0.45 g, 0.85 
mmol; prepared according to the methodology described in Example 225) 
in methanol (40 mL) was added 10% palladium on carbon catalyst (50 
15 mg) and the resulting black suspension was stirred under 1 atm of 
hydrogen for 45 min. The reaction mixture was filtered (Whatman 
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syringless filter device) and rotoevaporated under high vacuum to an ofF- 

wMte soUd (0.42 g, 99% yield) which was used in the following step 
without further purification. 

^H-NMR (400 MHz. CDCI3): 5 8.12 (s. IH), 8.05 (d, IH, J = 7.8 Hz), 
7.81 (d. IH, J = 7.7 Hz), 7.64 (t, IH, J = -7.9 Hz), 7.03 (d, IH, J = 7 6 Hz) ' 
6.97 (d, 2H, J = 8.4 Hz), 6.73 (d, 2H, J = 8.4), 4.76 (m, IH), 3.75 (s, 3H) 348 
(m. IH), 3.28 (m. IH), 3.14 (dd, IH, J = 14.2, 5.4 Hz), 2.98 (dd, IH J = 14 2 
6.9 Hz), 2.29 (m, IH), 1.78 (m, IH), 1.62 (m, 2H), 1.57 (s, 3H) 



N-(3-trifluoromethv]p hpn YTc u lfonv]UT.). Ofgymfithvl-p rnlyl. 
(I»)-4-acetaminop>>ftn YlalaninPi, methv] Pstpr 

To a solution of N-(3-trifluoromethylphenylsulfonyl)-(L)- 
. 2(S)-methyl-prolyl-(L)-4-aminophenylalanine, methyl ester (42 mg, 0.082 
mmol) in dry dichloromethane (0.5 mL) at 0 •'C, was added successively 
15 2,6-lutidine (0.03 mL, 0.25 mmol; 3.0 equiv), acetyl chloride (0.01 mL, 
0.125 mmol; 1.5 equiv), and 4-dimethylaminopyridine (10 mg, 0.082 ' 
mmol; 1.0 equiv). The yellow reaction mixture was stirred overnight. 
After this time, 1.0 N hydrochloric acid was added followed by extraction 
with ethyl acetate (3x). The combined organic layer was successively 
20 washed with saturated sodium bicarbonate solution and saturated salt 
solution and dried over anhydrous magnesium sulfate. The mixture 
was filtered and concentrated to furnish an orange-yeUow oil (46 mg, 
100% crude yield) which was purified by preparative thin layer 
chromatography (80% ethyl acetate, 20% hexanes). Yield: 39 mg (85%) 
^H-NMR (400 MHz, CDCI3): 5 8.11 (s, IH), 8.04 (d, IH, J = 8.0 Hz) 
7.82 (d. IH, J = 7.7 Hz). 7.64 (t, IH, J = -7.9 Hz), 7.41 (d, IH, J = 8.4 Hz) ' 
7.25 (s, IH), 7.09 (d, 2H, J = 8.4 Hz), 7.07 (d, IH, J = -8.0 Hz), 4.80 (m, IH), 
3.75 (s, 3H). 3.49 (m, IH), 3.24 (m, 2H), 3.04 (dd. IH, J :=-14.0. -7 0 Hz) 
2.29 (m, IH), 2.13 (s, 3H), 1.75 (m, IH), 1.61 (m, 2H), 1.57 (s, 3H). 

^*^P^' N-(3-triflnoromRthYlphenvl,su]foTivlUT,->.9rs^.^ ^t !l Tl-rHy1 
(L)-4-af!Rt.9minnp)ift nvlalflhip ^ 
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To a solution of N-(3-trifluoromethyl)-2(S)-methyl-prolyl-4 - 
acetamino-(S)-phenylalanine, methyl ester (33 mg, 0.059 mmol) in 
ethanol (1.0 mL) was added 0.2 N sodixun hydroxide solution (0.60 mL, 
0.12 mmol; 2.0 equiv). The reaction mixture was stirred overnight (15 h) 
5 and then acidified with 1.0 N hydrochloric acid and extracted with ethyl 
acetate {3x). The combined organic layer was washed with satxarated 
salt solution, dried over anhydrous magnesium sulfate, and 
rotoevaporated to yield an ofiF-white soUd (31 mg, 97% yield). 

MS: m/e 542 (M+H*); 559 (M+NH/). 
10 ^H-NMR(400MHz,CD3OD):58,08(m,2H),7.95(d,lH, J = 7.7H2), 

7.76 (t, IH, J = -7.9 Hz), 7.48 (m, 3H), 7.18 (d, 2H, J = 8.4), 4.69 (m, IH), 
3.43 (m, IH), 3.32 (m, 2H), 3.05 (dd, IH, J = --14.0, --7.0 Hz), 2.12 (m, IH), 
2.08 (s, 3H), 1.71 (m, 3H), 1.56 (s, 3H). 

15 The following compounds were prepared by the 

procedures described in Example 271 using the acyl or sulfonyl 
chloride or alkyl or aiyl isocyanate: 

Ex. Compound Name MS 

(272) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 633 
methyl-prolyKL)-4.(N'-(2- 
toluyl)ureido)phenylalanine. 

(273) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 718 
methyl-prolyl-(L)-4-(NX4*- 
fluorophenylsulfonyl)ureido)phenylalanine. 

(274) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 572 
methyl-prolyl-(L)-4- 
(ethoxycarbonyl)aminophenylalanine. 

(275) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 766 
methyl.prolyKL)-4-(4W-(2. 
toluyl)ureido)phenylacetyl)aminophenyIalanine. 
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(276) N-(3-trifluoromethylphenylsulfonyl).(L)-2(S)- 658 
methyl-proIyl-(L)-4-(4- 

fluorophenylsulfonyDaminophenylalanine. 

(277) N.(3-tTifluoroinethylphenylsuIfonyI)-(L)-2(S)- 618 
methyl-prolyl-(L)-4- 

(phenylacetyl)aminophenylalanine. 

(278) N-(3-trifluoromethylphenylsuifoByl)-(L)-2(S)-. 622 
methyl-prolyl-(L)-4-(4'- 

fluorobenzoyDaminophenylalanine 

(279) N-(3-trifluoroinethylphenylsulfonyl)-(L)-2(S)- 600 
methyl-prolyl-(L)-4- 

(isobutyloxycarbonyl)aminophenylalanine. 

(280) N-(3-trifluoromethylphenylsulfonyl).(L)-2(S). 578 
,methyl-prolyl-(L)-4- 

- methylsulfonylaminophenylalariine. 

(281) N.(3-trifluoromethyIphenyIsulfonyl)-(L)-2(S)- 637 
inethyl-prolyl-(L)-4-(N'-(4- 

fluorophenyl)ureido)phenylalanme. 

(282) N-(3-trifluoromethylbenzenesulfonyI)-(L)-2(S)- . 621 
inethyl-prolyl-(L)-4-(N-(l,l-<iioxo-l,2. 
isothiazolidinyD-phenylalanine 

(283) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 585 

inethyl-prolyl-(L)-4-(N'.(4-(2-oxo-l.pyrroKdinyl). 
phenylalanine. 

♦ m/e: (M + 1 (H*))* or (M + 18 (NH^* 

EXAMPT.F.9.«4 

^ N-(3.5-dichnrobengftn«>«n^ fi. nvn.rT.^.prn|YV (T 
fluQroben7.ov1)phPTivTs.^T,jy^ff 
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To a svispension of N-Boc-4-iodo-(Ii)-phenylalanine (3 )g, 2.56 
mmol) in methylene chloride (7 mL) and cyclohexane (14 mL) were 
added t-butyl trichloroacetimidate (0.48 mL, 2.68 mmol) and boron 
trifluoride-etiierate (48 |iL). The reaction mixture was stirred for 5 hours 

5 at room temperature under a nitrogen atmosphere and then treated a 
second time with the same amounts of t-butyl trichloroacetimidate and 
boron trifluoride-etherate as above. After stirring overnight, a third 
addition was made, and the mixture was stirred a further 3 hours. The 
mixtxire was then iSltered and the filtrate evaporated. The product was 

10 obtained pure by silica gel chromatography eluting with 10% diethyl 
ether in hexane; yield 650 mg. The product was treated with IM HCl in 
ethyl acetate (7.3 mL) for 18 hours at room temperature. The mixture 
was evaporated and coevaporated several times with diethyl ether to 
afford the title compound; yield 522 mg. 

15 400 MHz iH NMR (CD3OD): 5 1.42 (s, 9H); 3.13 (d, 2H); 4.18 (t, IH); 7.09 

(d, 2H); 7.75 (d, 2H). 

StepB: N-f.^ .q-Dichlorobenzeii fisulfonvl)-(L)-prolxne 

To a mixture of (D-proline methyl ester hydrochloride (838 

20 mg, 5.06 mmol) in methylene chloride (25 mL) at 0°C were added JLII- 
diisopropylethylamine (2.64 mL, 15.2 mmol) and a solution of 3,5- 
dichlorobenzenesulfonyl chloride (1.49 g, 6.07 mmol) in methylene 
chloride (5 mL). The cooling bath was removed, and the mixtinre was 
stirred overnight at room temperature. It was then diluted with 

25 methylene chloride, washed with IE hydrochloric acid, saturated 
NaHCOs, saturated brine solution, dried over anhydrous sodium 
sulfate, and evaporated. The methyl ester was obtained pure by silica gel 
chromatography eluting with 10% acetone in hexane; yield 1.49 g. It 
was then taken up in ethanol (50 mL) and treated with 0.2 N sodium 

30 hydroxide (26.6 mL) for 1.5 hours at room temperature. The mixture 

was acidified with glacial acetic acid, concentrated, the residue taken up 
in methylene chloride, washed with water, saturated brine solution, 
dried (Na2S04), and evaporated to give the title compoimd; yield 1.4 g. 
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400 MHz IH NMR (CD3OD): 5 1.80-2.15 (xn, 4H); 3.35-4.45 (m, 2H). 4 30 
(dd, IH); 7.76 (m, IH); 7.83 (m, 2H). 

iodophenv1alaninf> fpT ^-butvl Psfpr 

To a solution of i£-(3,5-dichlorobenz6nesulfonyl)-(L).proKne 
(386 mg, 1.19 nunol) in methylene chloride (23 mL) were added 1- 

hydroxybenzotriazole (241 mg, 1.79 mmol), N-methylmorpholine (0 33 

mL, 2.98 mmol), and 4-iodo-(L)-phenylalanine tert-butyl ester 

hydrochloride (458 mg, 1.19 mmol). After cooling in an ice-bath for 5 

'^^';'']-^^^^^ hydrochloride 
{EDO (274 mg, 1-43 mmol) was added. After 15 minutes, the cooling 
bath was removed, and the mixture was stirred overnight under a 
mtrogen atmosphere. The mixture was diluted with methylene 
chlonde, washed with water, IN HCl, saturated NaHCOs solution, 
saturated brine solution, dried (Anhydrous magnesium sulfate) and 
evaporated. Silica gel chromatography eluting with 20% ethyl acetate in 

hexane afforded pure title compound; yield 651 mg (84%) 
MS: m/e 653 (M + 1) 

400 MHz IH NMR (CD3OD): 8 1.45 (s,9H); 1.65-1.85 (m,4H); 3.0 (dd IH)- 

2m ^^t'!^lt^' '-'^ ^-OS 2H); 7'.64 (d, 

^xi;; / .tju (s, 3H). 

^^P^' N-(3.5-dich]oroben^PnA.„lfn^ y ]) _fL)-nrnW1-rT,V 4-^.|> 
25 guoroben70v1)Dhenv1«l.>nino tert-bnfvT ^pfo^- 

A solution of N.(3,5-dichlorobenzenesulfonyl).a)-prolyl-4. 
lodo-(L). phenylalanine tert-butyl ester(100 mg, 0.15 mmol) 4- 

fluorobenzeneboronic acid (23 mg. 0.16 mmol). potassium c'arbonate(62 
mg, 0.45 mmol). bis(triphenylphosphine)-palladium(n) chloride (4 mg 
0.0057 mmol) in anisole(4 ml) was flushed with nilxogen, then flushed ' 
with CO. and a balloon of CO was attached. The solution was then 
stirred at 80'C for 5 hours on a timer overnight. The following day tiie 
solution was diluted with methylene chloride, washed once with water, . 
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once with brine, dried pver Anhydrous magnesium sulfate, and solvent 
removed in vacuo. The desired product was obtained by silica gel 
chromatography eluting with methylene chloride, followed by 10% ethyl 
acetate in methylene chloride; yield 70 mg (72%) 
5 MS: m/e 666.2 (M+H+NH3) 

400 MHz NMR (CD3OD): 5 1.46(s,9H); 1.65-1.95(m,4H); 3.05-3.15 
(dd,lH); 3.47(m,lH); 4.2(dd,lH); 4.65(m,lH); 7.20(t,2H); 7.45(d,2H); 
7.70(d,2H);7.76-7.85(m,5H) 

10 StepE: N-f.S.5-dichnrnhRn2enes ii1fnnvn-(L)-prolvI-(L)-4-(4'- 
f^ynrobenzovllphenvlalanine 

A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 
4-(4-fluorobenzoyl)phenylalaiiine, tert-butyl ester (23 mg, 0.035 mmol) in 
methylene chloride(1.2 mL) was cooled in ice bath. Trifluoroacetic add 

15 (0.167 mL, 2.17 mmol) was then added, and ice bath was removed and 
reaction mixture was allowed to stir overnight at room temperature. 
The reaction mixture was then evaporated, coevaporated with methylene 
chloride(2X), toluene(2X), and methanol(2X). The product was obtained 
pure by eluting with 20% ethyl acetate in methylene chloride, followed by 

20 8% methanol in methylene chloride; yield 19 mg(91%) 
MS: m/e 609.8(M+H+NH3) 

400 Mhz NMR (CD3OD): 5 1.6-1.95(m,4H): 3.1-3.45(m,4H): 4.17 (dd,lH): 
455(m,lH): 7.2(t,2H): 7.4(d,2H): 7.66(d,2H): 7.78-7.85(m,5H) 

25 The following compounds were prepared by the 

procedures described in Example 284 using the appropriate 
arylboronic add derivative in Step D: 

Ex. Compound Name MS * 

(285) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4'- 604.8 
(2-methoxjrbenzoyl)phenylalanine 
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(286) N-(3,5-dichoroben2enesuIfonyl).(L).2(S)-methyl. 624 

prolyl-(L)-4-(4'-fluorobenzoyl)phenylalamne 
* m/e: (M + 1 (H*))* or (M + 18 (NH/))* 

EXAMPT.F. 9ft7 

N-(3.5-dicMnrober.7PnPQnl fonvn.rT.).p ^nly]_(7,) ^ 
(4-fl^oro.a.hvdrox yben7,v])nhen vlfl1»nin» i^^w. ,_b„tv] ^^i-^^ 
A solution of N-(3,5-dichorobenzenesulfcnyl)-(L)-prolyl-(L)-4. 
. (5 mL) was cooled 

too C Sodium borohydride (3 mg) was added. After stimng for 20 min 
ihe solvent was removed by rotoevaporation and the residue dissolved in ' 
dichloromethane (30 mL). The solution was successively washed with 
water and saturated salt solution and dried over anhydrous magnesium 

sulfate. The mixture was filtered and the solvent was removed by 
rotoevaporation. The title compound (38 mg) was recovered and used 
with no further purification in the subsequent reaction. 

^*®P^-, ?^-(3.5-dichlorohfin7Pnoa„ lfonvlWr.)-p T .olvi.fT.'>.^. 
.(4-fluorobenzvl)phflnvl»l.,r^,-TT" 

A solution of N-(3,5.dichlorobenzenesulfonyl).(L)-prolyl-(L)-4- 
(4-fluorophenyl-hydroxymethyl)phenylalamne. tert-butyl ester (38 mg) 
and triethylsilane (21 ^L) in anhydrous dichloromethane was flushed 
with dry nitrogen for five minutes. The solution was then cooled in an 
ice bath and boron trifluoride etherate (16 uL) was added. After stirring 
for 3 hours, methanol (1 mL) was added and the solvent was removed by 
rotoevaporation. The residue was dissolved in ethyl acetate and the 
solution successively washed with saturated sodium bicarbonate 
solution and saturated salt solution and then dried over anhydrous 
magnesium sulfate. After the mixture was filtered, the solvent was 
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removed by rotoevaporation. The residue was purified by flash column 
chromatography on silica gel eluted with 97.75% dichloromethante, 2% 
methanol and 0.25% acetic acid to yield the title compound (14 mg). 

M/S- m/e = 597.2 (M + NHJ. 
5 >H NMR (400 MHz, CD3OD): 8 1.5-1.7 (m, 2H), 1.75-1.82 (m. 2H), 2.95-3.05 
(m IH), 3.2-3.4 (m, 3H), 3.88 (s, 2H), 4.1-4.2 (m. 1 H), 4.6-4.7 (m, IH). 6.90 
(t, J= 9, 2H), 7.1-7.22 (m. 6H), 7.72 (s, 2H), 7.76 (s, IH). 

The following compounds were prepared by the 
10 procedures described in Example 287: 

Compound Name MS * 

(288) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4- 608.3 
(2-methoxybenzyl)phenylalanine 
* m/e: (M + 1 (H*))* or (M + 18 (NH4*))* 



15 
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•p;XAT^T.E 289 



.:pf. ^in.nh.n. opP.ulfonvl)-(T .)-prQlYl-(T0.4 
pVfftTiYlfllftmne 

Step A: ivT-i:.^>-A.r9.r,itrnrh--^^ ^-'-n.VT.hei.vl.1nninp methyl ester 
To a solution of N-Boc-(L)-tyrosine, methyl ester (500 mg) 
and potassium carbonate (467 mg) in dimethylformamide (5 mL) was 
added dropwise l-fluoro-2.nitrobenzene (189 uL). The yellow solution 
was stirred for 3 days at room temperature. The mixture was diluted 
with ether which was subsequently washed with IN hydrochloric acid, 
water, saturated salt solution and dried over anhydrous magnesium 
sulfate After filtration, the solvent was removed by rotoevaporation to 
yield the title compound (700 mg) which was used in the subsequent 
reaction without further purification. 
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for 18 hoi at lmt . 
was removed b7;^^l:r*"r- ^ 

dietM ether, and allowed to air 4^ Th Me o^' f 

imethyla»i„„p„py,,.3.,ay,e,ri^ij^^^^^^^^_ , 
was then added. The reaction was allowed to war^rr^„r 

t^perature and sti^d for 17 hr. ■n.e reaction waa^";: with 
^dJo^ethane ,100 n>L) and successively washed with 

-c:;or::hrx::e7-t^-^^^^^ 
^^^^^ title compound <n. Which L*rirr::sir 
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StepD: N-fa.f;.Dichlo rnhfin7.6nfisuIfonvl)-(L)-prolYl-(L)-4-(2- 

pitropherin-gvVphenv lalanine 

N-(3,5-Dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 

4.(2-nitro-phenoxy)-phenylalanine, methyl ester (110 mg) was dissolved 
5 in ethanol (6 mL) and a solution of potassium hydroxide (15 mg) in water 

(2 mL) was added. After stirring for 20 minutes, the reaction was 

acidified with acetic acid and the solvent removed by rotoevaporation. 

The residue was dissolved in ethyl acetate (40 mL), and the solution 

successively washed with saturated sodium bicarbonate solution and 
10 saturated salt solution. The solution was dried over anhydrouios 

magnesium sulfate, then filtered and the solvent removed by 

rotoevaporation to afford the title compound (40 mg). 

M/S: m/e 625(M+NH/- 

NMR (400 MHz, CD3OD): 5 1.63-1.72(m, IH), l,75-2.92(m, 3H), 3.01- 
15 3.08(dd, IH), 3.25-3.35(m, 2H), 3.4-3.5 (m, IH), 4.19 (dd, J=: 6,1, IH), 4.68- 

4.74 (m, IH), 6.97-7.05 (m, 3H), 7.2-7.35 (m, 3H), 7.45-7.5 (m, IH), 7.77 (s, 

3H), 7.91 (dd,J= 7,2, IH). 

The following compound was prepared by the procedures 
20 described in Example 289: 

Example Compound Name MS" 

(290) N-(3,5-dichlorobenzenes\ilfonyl)-(L)-prolyl-(L)-4- 625 
(4-nitrophenoxy)-phenylalanine 

(291) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 639 
prolyl-(L)-4-(2-nitrophenoxy)-phenylalanine 

. * m/e: (M + 1 (H*))* or (M + 18 (NH/))* 

25 F.XAMPLE 292 

N.f.<^.5-Dich]nrnhftnzene3 n1fnnv1UL)-Drolvl-(L)-4-(2-aminophenoxy)- 
phenvlalanine 
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aW-e „tro-phenoxy)-phenylalanine, n,.thyl ester (120 1) „ eS^^I 
a 2> -as added iron filings (42 n,g) and aeetic add mLZ 
Eeachon was refl.«ed for 3 h th.n cooled to room temperature Tt. 
mixture was filtered through a pad of celite and the sdveat wts reeved 
by rotoevaporation. The resultant tar was dissolved in et^ rtlri 
aat^ted salt soluhon. The organic layer was dried over anhydrous 

^gnes.um sulfate, filte^d and the solvent removed by rotoIZLon 
The resiude was purified by flash coW chromatography on s^r~l ' 
eluted rnth 40% ethyl acetate in hexane to afford N^3 5 ' 
16 *'"<'"b««nesulfonyl)U)-pn,lyl.(L).4.^^^^^^ 

^«^alanu.e, methyl ester (75 mg, which was used in the subsequent 

^ StepB: M-(3,S-l>i(,)i1orohriiTmimJfonviui.>Tr>.|vi fr,, ^ 

^ '^■'^'^■*="'"-'>''enzenesulfonyl)-a)-proIyWL)^2- 

amzn„pheno,^>.phenylalanine, methyl ester was hydrolyzed by the 
procedure m Example 289, step D to afibrd ^3 6- 

5 ph";;:,™^^^^^ 

M/S: m/e 578(M+1). 

3.3(m, 2H). 3.4-3.5 (m, IH), 419 (t, IH), 462-4 7 (m IH) 8 ft « « , 
-3..7(dd,lH,,a.85-S.9a(m.4H,7.2,d..=2.S7^Cl^!5.^^^ 
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(fl, S-T)ichlornhftnzenesT 

Step A: T\r.(.q , fi-T>iRhl n rnhpn7.enesn1fnnvl)-(L)-prolYl-(L)-4-(2- 
5 ^no^^ Y^aTn^T1np^ °^'^vv''-r>^finvlf^1Rn^nR, m^^XW g^ter 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
(L)-4-(2-aiiuno-phenoxy)-phenylalaiiine, methyl ester (55 mg) in pyridine 

(0.31 mL) and dichloromethane (4 mL) was dropwise added acetic 
anhydride (0.16 mL). After stirring for 1 hr. the reaction was diluted 

10 with dichloromethane (50 mL) and successivley washed with water and 
saturated salt solution. The solution was dried over anhydrous 
magnesium sulfate, filtered and the solvent removed by rotoevaporation. 
The residue was purified by flash column chromatography on silica gel 
eluted with 5% ethyl acetate in dichloromethane to afford N-(3,5- 

15 dichloroben2enesulfonyl)-(L)-prolyl-(L)-4-(2-acetylaminophenoxy)- 

phenylalanine. methyl ester (41 mg) which was used in the subsequent 

reaction. 

StepB: M-(.q,.'S-'nich1'^^nhpr>zene ff"1fnnvn-(LVT)rf)lYl-(L)-4-(2- 

20 Hr.p<:vlflniinoP h''""^^-Phe^v^^^^^"^ 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2- 

acetylaminophenoxy)-phenylalanine, methyl ester was hydrolyzed by the 

procedure in Example 289, step D to afford N-(3,5- 
dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2-acetylaminophenoxy)- 

25 phenylalanine. 

M/S: m/e 637(M+NH/. 

NMR (400 MHz, CD3OD): d 1.6-1.95 (m, 4H), 2.06 (s, 3H), 3.0-3.08 (dd, 
IH) 3.2-3.3 (m, 2H), 3.4-3.48 (m, IH), 4.15-4.2 (m, IH), 5.55-5.61 (m, IH), 
6.8-6.85 (d, IH), 6.91 (d, J= 9. 2H), 6.98-7.08 (m, 2H), 7.26 (d. J=9, 2H), 7.78 

30 (s, 3H), 8.85-8.90 (dd, IH). 

The following compounds were prepared by the 

procedures described in Example 293: 
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Compound Name 



MS* 



25 



(294) N-(3,5.dichloroben2enesulfonyI).(L)^^^^^ 637 
(4-acetylaminophenoxy)-phenylalanine 

(295) N-(3,5-dichlorobenzenesulfonyl)-(L).2(S)- 636 

inethylprolyl-(L).4-C2-acetylaminophenoxy)- 
phenylalanine 

» m/e: (M + I (inror (M + 18 (NH,')r 

EXAMPT.I^ ;ciK 

(g-CTanoi>hpnnirv>.pli..nY'nlTiniTln 

M -Bg|M-f?.m.nonl,..,^^p l.„n.l-l„in,; . 
205 r.. 2 i, ^ 1° of N-Boc-4-<LH^sme, methyl «t.r, 

Tt T "^"'^^ ""^'^"^ ""-i washed CitT 

water a.d saturated salt solution. The orgamc layers we,. thenZd 

I^r«n ' ""^^'^ ™ ^'"'^ «^ chromatography eluted 

mtt 80% hexane.-20% acetone to yield 253 mg of the product 

,r ' ^"'^^^ IH,. a.70(s 

^.c -K ^ . '^^ "^^^ performed by an analogous procedure as 

descnbedm Example 289. step B to yield the titie compound 
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StepC: H-p>^^-? /g^-Ti^>^thv1-fT,Vnro]Y]4-(^-rT?^nop)ieney^^ 

Toasolutionofl31mgofN-Boc-2-(S)-methyWL>^^^^ 190 
mg 4-(2-cyanophenoxy)-phenylalanine, methyl ester hydrochloride 297 

5 PyBOP. and 4 mL of methylene chloride at 0»C was added 300 uL of 
. diisopropylethylamine yia syringe. The reactants were allowed to wann 
to room temperature and said reaction was run over the weekend. The 
reaction was then diluted with methylene chloride, washed with water. 
IN hydrochloric acid, saturated sodium bicarbonate solution, and 

10^ saturated salt solution. The organic layer was dried over anhydrous 
magnesium sulfate and concentrated in vacuo. The product was 
purified via silica gel chromatography, eluted with 80% hexane:20% 
acetone to yield 263 mg of the title compound. 

15 StepD: T.^>--9-rRVTn^thT^-^^ Vr"^"^-^-^^--^"^*^^^^"*^^^" 

T^^.o^^^;.^nTline■ ^'^^^^^ ^«ter hydrochloride 

The reaction was performed by an analogous procedure as 

described in Example 289, step B to yield the title compound. 

20 StepE: M-f^,'^-^^''-^^"^"^'^"'^''^^^"^^"''^^^'^'^ 
. .o,.,,o.npT.pnn^^ nhnnvhlTIPiTIP methyl ester 

Toasolutionof95mgofN-Boc-2-(S)-methyKL)-prolyl-4-(2- 

cyanophenory)-phenylalamne. hydrochloride, 61 mg 3.5- 
dichlorobenzenesulfonyl chloride, and 2.5 mL of tetrahydrofuran at 0 C 
25 was added 110 uL of diisopropylethylamine via syringe. The reaction 
was allowed to warm to room temperature and run at said temperature 
overnight. The reaction was diluted with methylene chloride, washed 
with water, IN hydrochloric acid, saturated sodium bicarbonate 
solution, and saturated salt solution.. The organic layer was dned over 
30 anhydrous magnesium sulfate and concentrated in vacuo. The produt 
wt purified vfa silica gel chromatography, eluted with 80% h«cane:2^^^^ 
acetone to yield 62 mg of of N-(3,5-dichlorobenzenesulfonyl)-2.(S)-methyl- 
(L)-prolyl-4-(2-cyanophenoxy)-phenylalanine, methyl ester. 
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step F: N-(3.5-Dich1orobenzent»aiil fonvl)-2-fS>-Tn6thv]-fT.->.p rAlYl. 4. 
(2-CYanophenoxv)-phft nvlalanine 

To a solution of 62 mg of N-(3,5-dicUoroben2enesulfonyl)-2. 
(S)-methyl-(L)-prolyl-4-(2-cyanophenoxy)-phenylalanine, methyl ester in 
5 mL of ethanol was added a solution of 11 mg potassiimi hydroxide in 2 
mL of water. After 1.5 hours the solvent was removed in vacuo. The 
resultant solid was then dissolve in methylene chloride and washed with 
0.5 M hydrochloric acid and saturated salt solution. The organic layers 
were dried over anhydrous magnesium sulfate and concentrated in 
vacuo. The formed diastereomers were separated via HPLC using a 
YMC ODS-AQ column, eluting with 80% MeOH: 20% WATER + 0.1% 
TFA. The faster eluting product was shown to be the desired product. 
. M/S: m/e 619 (M+I+NH3). 

15 NMR (400 Mhz, CD3OD): 5 1.60(s, 3H), 1.7-1.9(m, 3H), 2'.12-2.21(m, 

IH), 3.08.3.16(dd, IH), 3.3-3.5(m), 4.65-4.7o(m, IH), 6.91(d, J=8 IH), 7.'o4(d, 
. 2H), 7.15 (t, lH)/7.36(d, J=9, 2H), 7.4-7.5 (t. lH)/7.6-7.8(m, 4^^^ 

The following compound was prepared by the procedures 
20 described in Example 296; 



Compound Name 



MS" 



(297) N-(3,5-Dichlorobenzenesulfonyl)-2-(S)-methyl-(L)- 619 
prolyl-4-(4-cyanophenoxy)-phenylalanine 



25 EXAMPLE 9.98 

N-(3.5-DicMornhpn7Pnesulfonvn-fT. )-Drolvl.fT.^-n-tert-hnfnrl-ty rn«-^« 

^*®P:^ N-(3.5-Dich1orobenzfinftsii lfonvn.rT.Vp r oIvl-(U.O-fprf. 
butvl-tvrnsinfl, mffV^yl Pgf Ar 
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To a solution of 3,5-dichlorobenzenesulfonyl-(L)-proline . 
(from Example 284, Step B) (1.70 gm, 5.23 mmole) in diy 
dichloromethane (15 mL) was added l-hydroxybenzotriazole hydrate 
(782.3 mg, 5.78 mmole) followed by N-methylmorpholine (1.45mL, 13.1 

5 mmole), (L)-O-tert-butyl-tyrosine, methyl ester hydrochloride (1.58 
gm, 6.31 mmole), and l-ethyl-3-(3-dimethylamino-propyl) 
carbodiimde (1.41 gm, 7.36 mmole). Additional dichloromethane (5 
mL) was added and the solution stirred under nitrogen at 25*C 
overnight. Water was added and the layers separated. The aqueous 

10 layer was extracted with ethyl acetate (3 x 15 mL). The combined 
organic layers were successively washed with water (2 x 20 mL) and 
saturated salt solution and dried over anhydrous magnesium sulfate. 
After filtration, the solvent was removed by rotoevaporation. The 
residue was purified by flash column chromatography on silica gel 

15 eluted with 5-35% ethyl acetate in hexanes to yield N-.(3,5- 

dichlorpbenzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine, methyl 

ester as a pale white foam (2.85 gm, 98% yield). 

MS: m/e 557.4 (M+D*. . „ 
400 MHz IH NMR (CD3OD): 5 1.28 (s, 9H), 1.49-1.66 (m, 3H), 2.03-2.07 

20 (m, IH), 2.99 (dd, J = 14.0, 7.5 Hz, IH). 3.06-3.12 (m, IH), 3.19 (dd, J = 

14.1, 5.5 Hz, IH), 3.34-3.39 (m, IH), 3.74 (s, 3H), 4.04-4.07 (m. IH), 4.76- 

4.81 (m, IH), 6.88 (d, J = 8.4 Hz, 2H), 6.99 (d. J = 8.4 Hz, 3H), 7.58 (t, J = 

1.8 Hz, IH), 7.69 (d, J = 1.8 Hz, 2H). 

25 StepB: N-(.^..'^-Dichl nrnhfinz6nesv1fnnvlVfL)-nrolvl-(L)-0-tert- 

hiitvT-tvrosine. 

Under a dry nitrogen atmosphere, to a solution of 1.20gm 
(2.15 mmole) of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-tert- 
butyl-tyrosine, methyl ester (1.20 gm, 2. 15 mmole) in dry ethanol 
30 (25.8mL) was added dropwise an aqueous 0.2N sodium hydroxide 
solution (12.9mL, 2,58 mmole). The reaction was stirred for 1.5 hr at 
room temperature. A l.OM aqueous solution of acetic acid (-2 mL) 
was added until pH 4-5 was obtained. The solvent was removed by 
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rotoevaporationandther^^^^^ 

water. The layers were separated and the aqueous layer was 
extracted with dichloromethane (3 x 20 mL). The organic layers were 
combmed. and successively washed with water, saturated salt 
solution, and dried over anhydrous sodium sulfate. After filtration 
the solvent was removed by rotoevaporation. The residue dissolved In 
a manimum of dichloromethane and purified on a 4000 sihca gel 
plate on a Chromatotron, eluted with 1-10% methanol in 
chcbbx^methane to yield N-(3.5-dichlorobenzenesulfonylHL)-prolyl. 

400 NMR (CD3OD) 6 1.28 (s, 9H), 1.60-1.69 (m, IH), 1.70-1.79 (m 

16 2^?18 «T«'^^^^ '1^' ''''' ' = Hz, 

it> -^W, /.18(d, Ja8.4H2,2H),7.78(s,3H). ' 

EXAMPT.T?. 99 9 
y-(3,g-Di,hToroh^qzerPS,ilfon^rim 

bntvl-tvrosine. f.Prh-^.,^r^ ^o^rr 

By the procedure of Example 284, step C N-(3 5- 
dichlorobenzenesulfonylHD-proline was coupled wi4 (L)-O-tert- 

butyl-tyrosme, tert-butyl ester hydrochloride. The product was 
punfied by flash column chromatography on silica gel eluted with 
5-35% ethyl acetate m hexane and isolated as a white foam (85% 

MS: m/e 599.0 (M+1)*. 

3.38 to, IH). 4.06^.08 (m, IH), 4.67 (br dd, J = 14.0, 6.3 Hz, IH) 6 87 



20 
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(br d J = 8.5 Hz, 2H), 7.03 (br d, J = 8.4 Hz, 3H), 7.06 (br d, J = 7.6 Hz. 
IH), 7.57 (t. J = 1.8 Hz, IH), 7.70 (d, J = 1.8 Hz, 2H). 

5 <;oTt,KiTtvT eater ,r iwt^ 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)- 

prolyl-(L)-0-tert-butyl-tyrosine, tert-butyl ester (1.20 gm, 2.00 mmole) 
in dry dichloromethane (6 mL) at 0" C under a dry nitrogen 
atmosphere was dropwise added a 50% v/v solution of trifluoroacetic 
10 acid in dichloromethane (3.08 mL. 20 mmol) over a 10 mm penod. 
After stirring for 2 hr, the reaction mixture was quenched at O C 
with an aqueous 5% sodium bicarbonate solution to pH = 7-8. The 
layers were separated and the organic layer dried over anhydrous 
magnesium sulfate. After filtration, the solvent was removed by 
15 rotoevaporation and the residue purified by flash column 
chromatography on silica gel eluted with 1-10% mett^anolm 
dichloromethane to yield N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
(L)-tyrosine, tert-butyl ester as a white foam (1.71 gm, 78% yield). 

MS: m/s 543.4 (M+ir. ^ „ttv o a-, / 

20 400 MHz ^H NMR (CDCl,) 5 1.45 (s, 9H), 1.55-1.63 (m, 3H), 2.07 (m, 
IH) 2 94 (dd, J = 14.1, 6.90 Hz, IH), 3.09-3.16 (m, 2H). 3.37-3.39 (m, 
IH) 4 06-4.09 (m, IH), 4.6^-4.70 (m, IH), 6.71 (d. J = 8.5 Hz, 2H). 7.01 
(d. j = 8.5 Hz, 2H). 7.06 (d, J = 7.7 Hz, IH), 7.58 (t, J = 1.8 Hz, IH). 7.70 
(d, J = 1.8 Hz, 2H). 

t^rnTTfi". t?T«-->^"^^ ester 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-CL)- 

prolyHD-tyrosine, tert-butyl ester (100 mg, 0.184 mmole) dissolved in 
30 dry dimethylformamide (1.0 mL) was added anhydrous potassium 
carbonate (76.3 mg, 0.552 mmol) and iodomethane (52.3 mg. 0.736 
nmible). The reaction mixture was stirred vigorously at 25' C 
overnight under a dry nitrogen atmosphere. Ethyl acetate (30 mL) 
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: was added and the soluti» 

PH = 5. The layers were separated and the aqueous layer was 
. extracted with ethyl acetate (3:. 20 mU Organic Uyers ware 

"l^bmed and washed successively with water and saturated salt 

dried over anhydrous magnesium sulfate. After 
filtraton, the solvent was removed by rotoevaporation and the residue 
dissohred m a minimum of dicMoromethane. This solution was 
loaded onto a 1000 micron silica gel Ch^matotron plate and purified' 

10 «.5-4chl«-obenzenesulfonyl).(L)-prolyl.a)-0-methyI.tyrosine tert- 

bnW ester as an off-white powder (76 mg, 74% yield) 
MS: m/e 857.5 (M+1)'. 

fo^^o'-'ttonofma.S-dichlorobenjenesul&nylML)- 
proly -aw-methyl-tyrosine, ter^buiyl ester (50 mg, 0.090 mmole) 
dissolved .n dry dichloromethane (0.3 mL) and anisole (5 mL) at o'c 
_ under a dry nitrogen atmosphere was dropwise added a 60% v/v 
> soluhon oftrifluoroacetic acid in dichloromethane (276uL 18 

Zte the ice bath ^rtaoved. 

and tte reaction mixture allowed to stir vigorously for 2^ hr The 

reaction mtoure was treated with dichloromethane (20 mL) and 6% 

aqueous sodium bicarbonate to pH = 5. After separation of phases 

ae aqueous layer was extracted with dichloromethane (2 x 10 mL 

The orgamc layers were combined and successively washed with ' 

water and sah^tad salt solution. The solution was dried over 
- anhydrous magnesium sulfate and filtered. The solvent was 
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removed by rotoevaporation and the residue dissolved in a minimum 
of dichloromethane. This solution was loaded onto a 1000 micron 
silica gel plate on a Chromatotron eluted with 1-10% methanol in 
dichloromethane to afford N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
5 (L)-O-methyl-tyrosine as a light brown powder (28.5 mg, 63% yield). 
MS: m/e 501.2 (M+ir. 

400 MHz ^H-NMR (CD3OD) 8 1.56-1.65 (m, 2H), 1.74-1.85 (m, IH), 1.86- 
1.88 (m, IH), 3.01 (dd, J = 13.9, 6.4 Hz, IH), 3.16-3.24 (m, 2H), 3.37-3.43 
(m, IH), 3.72 (s, 3H), 4.12 (dd, J = 8.5, 3.4 Hz, IH), 4.45 (br t, J = 5.7 Hz, 
10 IH), 6.79 (d, J = 8.6 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 7.80 (br m, 3H). 

The following compounds were prepared by the 
procedures described in Example 299 using the appropriate 
alkylating or acylating agent in Step C: 

15 

Ex. Compound Name MS * 

(300) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 577.4 
benzyl-tyrosine 

(301) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 543.5 
n-butyl-tyrosine 

(302) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 526.4 
cyanomethyl-tyrosine 

(303) N-(3,5.dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 547.4 
(2-metho3Q^ethyl)-tyrosine 

(304) N-(3,5-dichlorobenzenesulfonyl)-(L)-prblyl-(L)-0- 559.4 
(2-ethoxyethyl)-tyrosine 

(305) N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(2- , 477.0 
methoxyethyD-tyrosine 

(306) N-(benzenesulfonyl)-(L)-prolyKL)-0-(2- 491.2 
ethoxyethyl)-tyrosine 

(307) ,N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 584.3 

(l-pyrrolidinylcarbonyl)-tyrosine 
-75- 
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(308) N-(benzenesulfonyl)-(L)-pr61yl-(L)-0-(l- 516.3 
pyrrolidinylcarbonyl)-tyrosine . : 

(309) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 618 
(tert-butyl acetate)-tyrosine 

(310) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L).0- 599.1 
(4-morpholinyl-carbonyl)-tyrosine 

(311) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 543.3 
(l-(2-propanonyl)-tyrosine 

(312) N-(3,5-dichlorobenzenesulfonyl)-(L).2(S)-methyl- 598 
prolyl.(L)-0-(l-pyrrolidinylcarbonyl)-tyrosine 

(313) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 632.1 
prolyl.(L)-0-(tert-butyl acetate)-tyrosine 

(314) N-(3,5-dichlorobenzenesulfonyl).(L)-2(S)-methyl- 559,3 
prolyl.(L)-0-(2-ethoxyethyl)-tyrosine 

(315) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0. 559.4 
(acetic acid)-tyrosine, methyl ester 

(316) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 545.2 
(acetic acid)-1yrosine 

(317) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 557.3 
prolyl-(L)-0-(l-(2-propanonyl)-tyrosine 

(318) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 612.4 

prolyl-(L)-0-(l-pyrrolidinylcarbonyl)-tyrosine, 
methyl ester 

(319) N-(3,5-dichlorobenzenesulfonyI)-(L)-2(S).rQethyl- 614.2 
prolyl-(L)-0-(4-morpholinyl-carbonyI)-tyrosine 

(320) N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-0- 580.3 
(2-pyrrolylcarbonyl)-tyrosine 

(321) N-(3,5-dichlorobenzenesulfonyl)-a)-2(S)-methyl- 634.4 

prolyl-(L)-0-(N-phenyl-N-methylaminocarbonyl)- 
tyrosine 

(322) N-{3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 600.3 
prolyl.(L)-0-(N,N-diethyl-aminocarbonyl)- 

tyrosine 

' -76- . • ■ 
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(323) N-(3-chlorobenzenesulfonyl)-(L)-2(S)-inethyl- 580.3 
prolyl-(L)-0-(4-morpholinyl-carbonyl)-tyrosme 

(324) N-(3,5-dichlorobenzene3ulfonyl)-(L)-2(S)-methyl- 628.6 
prolyl-(L)-0-(N,N-diisopropyl-aininocarbonyl)- 
tyrosine 

(325) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 591.3 

(benzoyD-I^Tosine 

(326) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 583.3 

(cyclopentanoyl)-tyrosine 
* m/e: (M + 1 (iOT or (M + 18 (NH/))* 

EXAMPLE 327 

tyrosine 

Step A: TJ-C a^ .'^-ilichlor ^^l^^p^ftnesiilfonvD-fT .)-prolYl-(L)-0- 

r- yaT^nTTiftthvl-t YT'^flln", t^^-biitvT ester 
10 To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)- 

prolyHD-tyrosine, tert-butyl ester (200 mg, 0.368 mmole, obtained 
from Example 299, Step A) dissolved in 2.0 mL of dry 
dimethylformamide was added bromoacetonitrile (353.1 mg, 2.94 
mmole) and anhydrous potassium carbonate (152.6 mg, 1.10 mmole). 

15 The reaction mixture was stirred vigorously under a dry nitrogen 
atmosphere at 40°C overnight. The reaction mixture was then 
diluted with ethyl acetate and acidified with 5% aqueous citric acid to 
pH = 5. After separatign of the organic layers, the aqueous layer was 
washed with fresh ethyl acetate (3X). The combined organic layers 

20 were successively washed with water, saturated salt solution, and 
then dried over anhydrous magnesium sulfate. The residue obtained 
after filtration and removal of solvents was purified on a 1000 micron 
Chromatotron plate by gradient elution using 10-8-5-4-2-1:1 
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Hexane:EtoAc. This afiforded 150.4 mg (70% yield^^ 
compound as an ofF-white powder. 
MS.: (ESI) m/e 582.4 (M+ir 

■H-NME 400 MH. (CDCy 8 1.44 (s. 9H). 1.564,69 (m, 3H). 2.08-^^ 
(m. IH), 3.00 (dd. J = 14.0, 6.68 Hz, IH), 3.05-3.13 (m, IH) 3 21 (dd J - 
14.0 6.69 Hz. IH), 3.35-3.51 IH), 4.09 (dd, J = 8.5 3.4 ^ IH 4 63' 



10 



15 



20 



■N-(3,5-Picb]nroben7Pnp«„Tfn» yi).a.).p ^,l^;_^^ y n 
(5-tetra?;oTvT>TnPthvl-f:vrnc,-^. ^- rt-hnf^l ocfa. 

A mixture of N-(3,5.dichlorobenzenesulfonyI)-(L)-prolyl- 
(L).0-cyanomethyl-tyrosine, tert-butyl ester (82.0 mg, 0.141 mmol) 
and f trimethyltin azide (101.4 mg, 0.493 mmol) in 6 mL of diy toluene 
was stirred at reflux for 1 day. The reaction mixture was cooled to 
room temperature and concentrated in vacuo. The residue was 
treated with 6 mL of dry methanol and 3 g of silica gel and stirred 
vigorously oveniight at room temperature. This slurry was 
concentrated to give a powder. This was vacuum-dried and then 

Flash-40 sihca gel and eluted with 10% methanol in methylene 
chlonde. The fractions containing the desired product were combined 
and concentrated to yield 33.0 mg (38.2% yield) of the titled compound 
25 as a white powder. 

Mass spectrum (ESI) m/e 630.1 (M+18)* 

M 400 MH. (CD3OD) 5 1.41 (s. 9R), 1.61-1.92 (m, 3H). 2.08-2.11 
(m. IH). 2.97-3.01 (distorted m. IH), 3.09 (dd, J = 14.0, 6 2 Hz IH) 

L '"^^ ''^^ ccid. J : 

K U f.;'''^' ' = 2H), 7.18 (d, J = 8.7 

Hz, 2H), 7.78-7.80 (distorted m, 3H). 8.15 (d, J = 8.1 Hz, IH). 
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(R-f pf.rft 7.nlvl) Tn Af>>vl-i:vrosine ■ . . ^ ^ 

A xnixture of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 

(L)-0-(5-tetrazolyl)methyl-tyrosine, tert-butyl ester (30 
mmol) was dissolved in 2 mL of dry methylene chloride and was 
5 cooled in an ice bath. A solution of 1/1 vAr of trifluoroacetic acid (55.7 
mgO 489 mmol) and methylene was added, which was stirred 
vigorously for three hr ice temperature . A stream of dry nitrogen 
was appHed to remove the solvents and the residue was loaded onto a 
reverse phase prep-plate (RP-lSwF^^s 0.2 mm 20 x 20 cm. EM 
10 Science) using a minimal amount of methylene chloride and eluted 
with 40:60 water/acetonitrile. The product band was collected and 
extracted with 10% methanoymethylene chloride, concentrated to 
provide 5.0 mg (18% yield) of the titled compound as a white foam 

material. 

15 Mass spectrum (ESI) m/e 569.3 (M+D*. , ..TT^ 

^H-NMR 500 MHz (CD3OD) 5 1.61-1.87 (m. 3H). 2.05 (distorted m, IH), 
3 02 (dd. J = 14.0. 8.1 Hz, IH). 3.18 (dd. J = 14.1, 5.2 Hz. lH),3.23-3.28 ^ 

(m IH). 3.39-3.43 (m. IH). 4.22 (t. J = 6.0 Hz. IH), 4.64 (dd, J = 8.0. 5^3 
Hz' IH). 5.41 (s. 2H), 6.99 (distorted d. J = 2.1 Hz. 2H). 7.22 (distorted d, 
20 J =1.8 Hz, 2H), 7.76-7.78 (m,3H). 

pryAMPT.E 328 

^ •p^.1.^...^.. ^o^a..nlfonv1)-(T,)-?,(S)-methYl-T>rmYl-(T,)-F-be^^^ 
25 >»istidine 

Step A- ]<r.f.T^iitvlnxvp ''>->^"T>v1-rT.V2(.S)-methYl-PTOUfi? 

2(S)-Methyl-proline (4.98 g, 38.55 mmol) was dissolved in 
dioxane (40 mL) and water (40 mL) to give a suspension. Triethyl 
30 amine (11.4 gm, 46.27 mmol) was added, followed by the addition of 2- 
(tert-butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON, .5.85 

gm 57 83 mmol). The reaction mixture was stirred at room 
temperature overnight to give a yellow solution. The reaction was 
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quenched With water (150 mL) and diethyl ether (225 mL) The 

organic layers were separated and the ether layer extracted with 
water (80 mL). The combined aqueous layers were cooled to O'C and 
treated with 2N hydrochloric acid to pH = 2, and tiien extracted witi. 
ethyl acetate (3 x 150 mL). The combined organic layers were dried 
with over anhydrous sodium sulfate, filtered ^nd concentrated to 
yield 7.24 g (82% yield) of tiie titled compound as a white soUd (mp = 
119-125*C). uxiu vmp - 

Mass spectrum (ESI) m/e 230.1 (M+1)* 

^H-NMR 400 MHz (CD3OD) 5 1.41 (s. 9H). 1.49 (s, 3H). 1.85-1.99 (m 
3H), 2.13-2.25 (m, IH), 3.43-3.54 (m, 2H). 

N-t-ButY]oyvrarbo7iv1-a.1.9(fi v^^^|,^^.p ^^,^,^^^.^^ 
benzvl-hififa'dine. TnpfT,y| ^^t-^^^ 

^™^"^eofN-t-butyloxycarbonyl-(L)-2(S)-methyl- 
prohne (300 mg, 1.31 mmol) and of (D-N^-benzyl-histidine. methyl 
ester dihydrochloride (339.28 mg, 1.31 mmol) in dry 
dimethylformamide (5 mL) and methylene chloride (2.5 mL) was 
stirred at room temperature. Diisopropylethyl amine 
20 (684.6 nL, 3.93 mmol) was added followed by the addition of 

benzotriazole-l-yl^xy-tris-pyrroKdino-phosphosphate 
hexafluorophosphosphate (PyBOP, 681.6 mg, 1.31 mmol) and the 
mixture was stirred overnight. This reaction mixture was treated 
with 2N hydrochloric acid, water, and ethyl acetate. The layers were 

' vft! ""^^ ethyl acetate 

(3X). The combined organic layers were washed with saturated 
sodium bicarbonate, water, saturated salt solution and dried over 
anhydrous magnesium sulfate. After filti-ation and removal of 
solvent by rotoevaporation, the residue was purifed by flash 
chromatography on silica gel and eluted with 10-9-8-7-6-5-4-3-2 1-1 
Hexanerethyl acetate and finally with 1-2% methanol/methylene . 
chlonde. The firactions containing the desired material were 
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combined and concentrated to yield 357.8 mg (58% yield) of the titied 
compound as a sticky white foam. 
Mass spectrum (ESI) m/e 471.5 (M+ir. 

400 MHz (CD3OD) 5 1.34 (s, 9H), 1.43 (distorted s, 3H), 1.62-2.05 (m, 
5 4H), 2.98-3.11 (m, 2H). 3.38-3.42 (m, IH), 3.47-3.55 (m, IH), 3.66 (s, 3H), 
4.66-4.70 (m, IH), 5.16 (distorted s, 2H), 6.95 (s, IH), 7.26-7.38 (m. 5H), 
7.86 (s,lH), 8.09 (s,lH). 

StepC: a.V9rsVM6thv1-prolvl-(L)-F - 

10 ■ Hftr.?:v1-histi^iT^p methvl pstftr. dihvdrochloride. 

A mixture of N-t-butyloxycarbonyl-(L)-2(S)-methyl-prolyl- 
(L)-N-benzyl-histidine, methyl ester (272.5 mg, 0.649 mmol) and 
hydrochloric acidf^/ethyl acetate (14.0 mL, 58.4 mmol) in dry ethyl 
acetate (2 mL) was stirred at room temperature for one hour. 

15 Methylene chloride was added and solvents were removed by 
rotoevaporation. The residue was dried under high vacuum . 
overnight and gave 235.1 mg (97.6% yield) of the titled compound. 

Mass spectrum (CI) m/e 371.3 (M+D*. ■ 

^H-NMR 400 MHz (CD3OD) 8 1.43 (s, 3H), 1.87-1.93 (m, IH), 2.01-2.13 
20 (m, 2H), 2.32-2.37 (m, IH), 3.14-3.21 (m, IH), 3.29-3.38 (m, 4H), 3.71 (s, 
3H), 4.77 (dd. J = 10.1. 5.3 Hz, IH), 5.39 (s, 2H), 7.40-7.43 (m, 5H), 9.05 
(distorted s, IH). 

StepD: |J-r.^ R-Dichlnrnhftnz6ne pii1fnTivn-(L)-2(S)-methvl- 

(L)-2(S)-methyl-prolyl-(L)-N-benzyl-histidine, methyl 
ester, dihydrochloride (191.3 mg, 0.516 mmol was dissolved in dry 
tetrahydrofuran (5 mL) and dry dimethylformamide (2.5 mL). 
Diisopropylethyl amine (269.8 \lL, 1.55 mmol) and 4, 4'- 
30 dimethylaminopyridine were added to this solution. After cooling to 
5*C for 5 minutes, a solution of 3,5-dichlorobenzenesulfonyl chloride 
(190.2 mg, 0.774 mmol) in dry tetrahydrofuran (2.5 mL) was added to 
the reaction mixture which was allowed to reach room temperature 
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overmght. This readaon mixture was treated with w 
acetate. The aqueous layer was extracted with ethyl acetate (3X). The 
organic layers were combined and successively washed with water 
and saturated salt solution and dried with anhydrous magnesium 
sulfate. After filtration, the solvents were removed by 
rotoevaporation. The residue was purifed on a 4.0 x 7.0 cm cartridge 
of Flash-40 silica gel and eluted 1-2-3-4-5% methanol/methylene 
chloride to yield 116.6 mg (39% yield) of the titled compound. 
Mass spectrum (CI) m/e 579.1 (M+1)*. 

^H-NMR 400MHz(CDCl3)5 1.67 (s. 3H), 1.72-1.86 (m. 2H) 1 9M 98 
(m, IH), 2.30-2.35 (m, IH), 3.12 (dd, J = 15.0, 4.76 Hz, IH), 3 18 (dd J - 
14.6, 6.02 Hz, IH), 3.33-3.39 (m, IH), 3.66 (s, 3H), 4.77 (dd. J = 6 11 i 27 
Hz. IH), 5.04 (s, 2H), 6.76 (s, IH). 7.12-7.15 (m, 2H), 7.29-7.35 (m 3H) 
7.72 (distorted d, J = 1.99 Hz, 2H), 7.99 (distorted s,2H), ' ' 

^*®P^= N-(3.5-Dichloroben7PnP«n1fn n vl^-fT.^-9Y.«=!).| r^^thYl 
prolvl-(L)-N«. benzvl-bifiH^ ^-|^o . _ 

A mixture of N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)- 
methyl-prolyl-CD-N-benzyl-histidine, methyl ester (115.5 mg, 0 199 
) mmol) in 0.2N sodium hydroxide in ethanol (1.2 mL) was stirred at 
room temperature for 4 hours. The reaction mixture was treated 
with ethyl acetate and 5% citric add to pH = 3-4. The aqueous layer 
was extracted with ethyl acetate (3X). The combined organic layers 
were washed with saturated salt solution and dried over anhydrous 
magnesium sulfate. The solution was filtered and the sovlents were 
removed removed by rotoevaporation. The residue was purified on a 
4.0 X 7.0 cm cartridge of Flash-40 sihca gel eluted with 15% 
methanol/methylene chloride to yield 51.2 mg (45.5% yield) of the 
titled compound as a light brown foam. 
Mass spectrum (ESI) m/e 565.4 (M+l)"". 

^H-NMR 400 MHz (CDCD3) 5 1.28 (s, 3H), 1.75-1.84 (m, 3H), 2.10-2 14 
(m, IH), 3.O6.3.I2 (m. IH). 3.24-3.29 (m.2H). 3.31-3.42 (m,2H), 4.46- 
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4 49 (m, IH), 5.23 (s. 2H), 7.18 (s. IH), 7.30-7.37 (m, 5H), 7.74-7.79 (m, 
3H), 8.34 (broad s,lH). 

TRAMPLE 329 

Step A: 0-ATninn-9.■nQr^ »^^r,>.rarhoxv]^r ariH. methyl esi;ei; 

To 25 mL of methanol at 0 °C was added thionyl chloride 
(2 4 mL, 32 mmol). After stirring at 0 °C for 5 min, 2-amino-2- 
norbomanecarboxylic acid (1.0 g, 6.4 mmol) was added in one 
portion, and the mixture was heated at reflux for 16 h. The mixture 
was concentrated to give the, product (1.2 g, 92%) as a white sohd. 



StepB: M-TtPn ^ftn esul fnn y1-(T .Vprol v1 -2-amino-2- 

y, rfT.hnnianeca ^>^"vy^^> '^cid. TTiftthyl ggter 

To a solution of 2-amino-2-norbornanecarboxylate, 

methyl ester hydrochloride (400 mg. 2.0 mmol), N-benzenesulfonyl- 
20 (L)-proline (510 mg, 2.0 mmol), l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (306 mg, 2.0 mmol), 1- 
hydroxbenzotriazole (202 mg, 2.0 mmol) in 4 mL of tetrahydrofuran at 
0 °C was added N-methyl morphoUne (0.22 mL, 2.0 mmol). After 15 
min at 0 °C, the reaction mixture was stirred at room temperature 
25 for 16 h, and was concentrated in vacuo. The residue was purified by 
flash column chromatography on siUca gel eluted with 10:1 
methylene chloride/ethyl acetate to give the title compound (478 mg, 
59%) as a mixture of diastereomers. 

MS: calculated for C20H26N2O5S 406; found m/e 417 (M+H+), 423 
30 (M+NH/). 

StepC: ^-TtpTizflnesi ^lf^nvl-fT.1-prn1vl-2-aminQ-2- 
T^nrV>nrnan '>'"'^W^^^g ^c^^ 
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A solution of N.phenylsulfonyl.(L)-prolyl-2-amino-2- 
. norbomanecarboxyUc acid, methyl ester (210 mg, 0.2 mmol) in 3 mL 
of 1:1 aqueous sodium hydroxide (1 M) and methanol was stirred at 
room temperature for 2 weeks. The reaction was quenched with 
5 concentrated hydrochloric acid (0.2 mL). and the resulting mixture 
was partitioned between saturated salt solution and ethyl acetate 
The product was extracted with ethyl acetate and was purified by 
flash chromatography on silica gel eluted with 100:5:1 methylene 
chloride/methanol/acetic acid to give the product as a mixture of 
10 diastereomers. 

mlimT^^^ C19H24N205S, 392; found m/e 393 (M+H*). 410 



EXAMPr.F.a.^n 

N-genzenPSn]fonvl-a.1-p rol Yl - 3(R)-mP«:T.yl-p henv1n]»,ni-». 

step A N-BengenesTi1fonvl-fT.i-pr-n]yi-. 3fR).^pt.i.yi. 
phenylalanine. mPt^yi o^t^T. 

The title compound was prepared by the procedure 
described in Example 289 Steps A - C starting fi-om (L)-3(R)-n.ethyI- 
phenylalanine (prepared by the procedure of Hruby and coworkers- 
Tetrahedron, 18^ ^, 4733). 

^^P^-" N-Bgn?iP.ne.sulfonv]-rT.Vn1y]-Q(py^^^|,-., 
phenvla^flm-T^o^ 

A solution of N-phenylsulfonyl-(L)-prolyl.(L).3(R). 
methyl-phenylalanine, methyl ester (23 mg, 0.053 mmol) in 1.0 mL of 
1:1 tetrahydrofuran/water at 0 °C was added Uthium hydroxide 
hydrate (12 mg. 0.033 mmol) and hydrogen peroxide (30%, 33 mL 
0.033 mmol). The reaction was allowed to warn up to 18 «C over 2 hr 
The reaction was quenched with dilute sodium thiosulfate and 1 M ' 
hydrochloric acid, and the resulting mixture was partitioned between 



20 
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saturated salt solution and ethyl acetate. The product was extracted 
with ethyl acetate and purified by flash column chromatography on 
silica gel eluted with 50:50:1 ethyl acetate/hexane/acetic acid to 20:1 
ethyl acetate/acetic acid to give the product (17 mg, 77%). 
5 MS: calculated for C21H24N205S, 416; found m/e 417 (M+H*), 434 
(M+NH/) 

^H-NMR (500 Mhz, CD3OD) 5 8.2-7.2 (lOH, m), 4.65 (IH, d), 4.23 (IH, 
dd). 3.48-3.36 (2H, m), 3.23 (IH, m), 2.0-1.2 (4H, m), 1.38 (3H, d) 

10 EXAMPLE 331 

N-Ph PT1 v1 sulfonvl -(T . Vprolvl-(LV2.3-methano-phenv lalaniiie and N- 
Phfinvlsulfonvl-(L)-Tirol vl-fDV2.3-methano-nhenvlalanine. 

15 Step A: N-Phenvlsulfonvl-(LVpr nlvl-fL)-2.3-methano- 

ptifinvlalam'ne. methvl ester and N -Phenvlsulfonvl-fL')-prolvI-fD)-2.3- 
methano-phenvlalan ine. methvl ester. 

The title compounds were prepared by the procedure 
described in Example 289, Steps A-C starting from E-2,3- 

20 methanophenylalanine, methyl ester hydrochloride (prepared by the 
procedure of Stammers and coworkers: J. Org. Chem., 1982, 47, 
3270). Under the described conditions, reaction of diazomethane with 
Z-2-phenyl-4-benzylidene-5-oxazolinone (Aldrich) gave a 4:1 mixture 
of Z-l,5-diphenyl-6-oxa-4-azaspiro(2,4)hept-4-ene-7-one and E-1,5- 

25 diphenyl-6-oxa-4-azaspiro(2,4)hept-4-ene-7-one, and the minor 

diastereomer was carried on to E-2,3-methanophenylalanine methyl 
ester hydrogen chloride salt as described. Subsequent peptide 
coupling (51 mg scale) afforded a 1:1 mixture of diastereomers, which 
were partially separated on silica gel eluting with 4:4:1 methylene 

30 chloride/hexane/ethyl acetate. 

Top isomer: 'H-NMR (500 Mhz, CD30D) 5 8.0-7.1 (10 H, m), 4.18 (IH, 
dd), 3.60 (IH, ddd), 3.30 (3 H, S), 3.4-3.2 (IH, m), 2.96 (1 H, dd), 2.18 
. (IH, dd), 2.1-1.8 (3H, m), 1.7-1.6 (IH, m), 1.58 (IH, dd) 
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Bottom isomer: ^H-NMR (500 Mhz, CD30D) 5 8.0-7.2 (10 H m) 4 24 ( 

tl!; T ^•'^ ^d^>' 2.88 (1 H, dd), 2.22 

(IH, dd), 2.1-1.8 (3H, m), 1.66-1.60 (IH, m), 1.53 (IH, dd) 

N-Phenv].s,i]fopy].rL).r>rn]v].(T.^-», <»-^^tTnTin 

To a solution of the top isomer of N-phenylsulfonyl-(L)- 
prolyl-2.3-methanophenylalamne, methyl ester (15 mg. 0.035 mmol) 
m 0.6 mL of 1:1 tetrahydrofaran/water was added lithium hydroxide 
hydrate (15 mg, 0.35 mmol). and the mixture was stirred at room 
temperature for 15 hr. The reaction was quenched witix concentrated 
hydrochlonc acid (0.2 mL), and the resulting mixture was 
partitioned between brine and ethyl acetate. The product was 

extracted with ethyl acetate and was purified by flash 
chromatography on silica gel eluted with 100:5:1 methylene 

^oride^aethanol/acetic acid to give the product in quantitative yieM 
MS:^cjdated for C21H22N205S, 414; fo^^^ 

20 "H-NMr\500 Mhz, CD30D) 6 8.0-7.0 (10 H,m), 4.10 (lH,dd), 3.60 (IH 
ddd) 3^7 (IH, ddd), 2.84 (1 H, dd), 2.18 (IH, dd), 2.1-1.8 (3H, m), 1.66-' 
1.56 (IH, m), 1.57 (IH, dd). 

isomer was hydrolyzed in the same fashion 
^ as descnbed for the top isomer: 

mi '^T^ (M+H-), 432.2 

4 ' 



15 



30 



^H-NMR (500 Mhz. CD30D) 5 8.0-7.1 (lOH, m), 4.06 ( IH, dd), 3.66 (1 

f^'f^tnV''': 2.1-1.8 (3H. m). 

1.68-1.58 (lH,m), 1.52 (lH,dd). 
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N.(3.S-Dichlnrobenzenesulfonvl)-(L)-2fS)-methvl-n rnlvl-(L)-4-(5- 
((m.aHV1.3-dimethvlpvrimidme-2.4-dione))-ph envlalanine 

Step A: N-f3-Fluorohenzenesulfonvl)-(L)-p rolvl-(L)-4- 

5 trimethvlstannvlphenvlalanine. tert-butvl ester. 

A solution of N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4- 
iodophenylalanine, tert-butyl ester (1.0 gm, 1.53 mmol), 
hexamethylditin (411 nL, 2.14 mmol), triphenylphosphine (8 mg, 0.03 
mmol), lithium chloride (71 mg, 1.68 mmol), and 

10 tetrakis(triphenylphosphine)palladitim(0) (88 mg, 0.077 mmol) in 1,4- 
dioxane (10 mL) was heated to QS'C under a dry nitrogen atanosphere 
for 1.5 hr. The solution was cooled and diluted with ethyl acetate (100 
mL) and successively washed with IN sodium hydroxide solution 
(2X) and saturated salt solution (IX). After drying over anhydrous 

15 magnesium sulfate, the solution was filtered and the solvent removed 
by rotoevaporation. The residue was purified by silica gel column 
chromatography eluted with 10% acetone in hexanes to yield N-(3- 
fluorobenzene8ulfonyl)-(L)-prolyl-(L)-4- 

(trimethylstannyDphenylalanine, tert-butyl ester (577 mg, 54% yield). 
20 MS: m/e 658 (M + 18; NH4*). 

N-(3,5-Dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl- 
(L)-4-trimethylstannylphenylalanine, tert-butyl ester was prepared 
from N-(3,5-dichloroben2enesulfonyl)-(L>2(S)-methyl-prolyl-(L)-4- 
25 iodophenylalanine, tert-butyl ester by an analogous procedure. 

StepB: N-f3.5-Dichlorobenzenesulfonvl)-fL)- 2(SVmethvl-Drolvl- 
fT,V4-(.'^-f(lH.3H).1.3 -dimethvlpvriTDidine-2.4-diQne))-phenvlalanine. 
tert butvl ester 

30 A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)- 

methyl-prolyl-(L)-4-trimethylstannylphenylalanine, tert-butyl ester 
(70 mg, 0.1 mmol), (lH,3H)-l,3-dimethyl-5-iodo-pyrimidine-2,4-dione 
(40 mg, 0.15 mmol) and tetrakis-triphenylphosphine palladium (4 
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mg, 0.003 mmol) in diy dimethylfonnamide (I mL) was heated in an 
oil bath at lOOo C for 1 hr under a diy nitrogen atmosphere. After 
cooling, the solvent was removed by rotoevaporation under high 
vacuum. The residue was purified by flash column chromatography 
on siHca gel eluted with 15% acetone in hexanes to give the title 
compound as a hght yellow solid (27 mg, 40% yield). 
MS: (m/e) 696 (M + 18 (NH/)). 

N-(3.5-DicMorobfinzpnp«n]fnr, y n.a.).9rS) .^.fKy^ ^T-n]"] 

The tert-butyl ester of N-(3,5-dichIoroben2enesulfonyl)- 

(L).2(S)-methyl.prolyl-(L)-4.(5-((lH,3H)-l,3-dimethylpyrimidine-2 4- 
dione))-phenylalanine, tert butyl ester (24 mg, 0.035 mmol) was ' 

stirred in a solution of trifluoroacetic acid (170 nL, 2.2 mmbl) in 
methylene chloride (1.0 mL) according to the procedure described in 
Example 225. Step E to yield the title compound. 
MS: (m/e) 640 (M + 18 (NH/)). . .. 



20 



25 



30 



EXAMPLE .^.^q 
pf VLA-4 DepenHPTif. Adhesfon t.n BiC!A-n!t 

^^^P^' Preparation of CS-I Cn^tf.^ PUfo.^ 

Untreated 96 well polystyrene flat bottom plates were coated 
with bovine serum albumin (BSA; 20 ng/ml) for 2 hours at room 
temperature and washed twice with phosphate buffered saline (PBS) 
The albumin coating was next derivatized with 10 Jig/ml 3-(2- 
pyridyldithio) propionic acid N-hydroxysuccinimide ester (SPDP) a 
heterobifunctional crosslinker, for 30 minutes at room temperature and 
washed twice with PBS. The CS-l peptide (Cys^Leu-His-Gly-Pro-Glu-Ile- 
Leu-Asp-Val-Pro-Ser-Thr). which was synthesized by conventional solid 
phase chemistry and purified by reverse phase HPLC, was next added to 
the denvafazed BSA at a concentration of 2.5 ^g/ml and allowed, to react 
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for 2 hours at room temperature. The plates were washed twice with 
PBS and stored at 4°C. 

StepB. Preparation of Fluorescentlv Labeled Jurkat Cells, 

5 Jurkat cells, clone E6-1, obtained from the American Type 

Culture Collection (Rockville, MD; cat # ATCC TIB-152) were grown and 

maintained in RPMI-1640 culture medium containing 10% fetal calf 

serum (FCS), 50 units/ml penicillin, 50 |ig/ml streptomycin and 2 mM 

glutamine. Fluorescence activated cell sorter analysis with specific 

10 monoclonal antibodies confirmed that the cells expressed both the a4 

and pi chains of VLA-4. The cells were centrifuged at 400xg for five 

minutes and washed twice with PBS. The cells were incubated at a 

6 

concentration of 2 x 10 cells/ml in PBS containing a 1 jiM concentration ' 
of a fluorogenic esterase substrate (2', 7'-bis-(2-carhoxyethyl)-5-(and -6)- 
15 carboxyfluorescein, acetoxymethyl ester; BCECF-AM; Molecular Probes 
Inc., Eugene, Oregon; catalog #B-1150) for 30-60 minutes at 37^0 in a 5% 
C02/air incubator. The fluorescently labeled Jurkat cells were washed 

two times in PBS and resuspended in RPMI containing 0.25% BSA at a 

6 

final concentration of 2.0 X 10 cells/ml. 

20 

StepC. Assay Procedure. 

Compounds of tiiis invention were prepared in DMSO at 
lOOx the desired final assay concentration. . Final concentrations were 
selected from a range between 0.001 nM-100 |iM. Three jiL of diluted 

25 compound, or vehicle alone, were premixed with 300 pL of cell 

suspension in 96-well polystyrene plates with roimd bottom wells. 100 ^iL 
aliquots of the cell /compound mixture were then transferred in 
duplicate to CS-1 coated wells. The cells were next incubated for 30 
minutes at room temperature. The non-adherent cells were removed by 

30 two gentle washings with PBS. The remaining adherent cells were 
quantitated by reading the plates on a Cytofluor II fluorescence plate 
reader (Perseptive Biosystems Inc., Framingham, MA; excitation and 
emission filter settings were 485 nm and 530 nm, respectively). Control 
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wells containing vehicle ialone were used to detemine tOie level of cell 

adhesion corresponding to 0% inhibition. Control wells coated with BSA 
and crossHnker (no CS-1 peptide) were used to determine the level of cell 

adhesion corresponding to 100% inhibition. Cell adhesion to wells coated 
5 with BSA and crosslinker was usually less than 5% of that observed to 
CS-1 coated wells in the presence of vehicle. Percent inhibition was then 
calculated for each test well and the IC^o was determined from a ten 
pomt titration using a vahdated four parameter fit algorithm. 

EXAMPT.E .qq^t 

Antagom'sm of DenendPnt BinHmcr vn^ M-T^ F„.c,nr, p^^^.^ti 

Step A. Preparflfin n of VCAM-T ^ 

The signal peptide as well as domains 1 and 2 of human 
VCAM (GenBank Accession no. M30257) were amplified by PGR using 
the human VCAM cDNA (R&D Systems) as template and the following 
pnmer sequences: 3'-PCR primer:5'-AATTATAATTTGATCAACTTAC 
CTGTCAATTCTTTTACAGCCTGCC-3'; 
20 5'-PCR primer: 

5'-ATAGGAATTCCAGCTGCCACCATGCCTGGGAAGATGGTCG-3'. 

The 5'-PCR primer contained EcoRI and PvuII restriction 
sites followed by a Kozak consensus sequence (CCACC) proximal to the 
initiator methionine ATG. The S'-PCR primer contained a Bell site and 
a sphce donor sequence. PGR was performed for 30 cycles using the 
following parameters: 1 min. at 94°C, 2 min. at 55°C, and 2 min. at 

72 C. The amplified region encoded the following sequence of human 
VCAM-1: 
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MPGKMWILGASNILWIMFAASQAFKIETTPESRYLAQIGDSVSLTC 

STTGCESPFFSWRTQmSPLNGKVTNEGTTSTLTMNPVSFGNEHSYLC 

TATCESRKLEKGIQVEIYSPPKDPEIHLSGPLEAGKPITVKCSVADVY 

PFDRLEmLLKGDHLMKSQEFLEDADRKSLETKSLEVTFTPVIEDIGKV 
LVCRAKLHIDEMDSVPTVRQAVKEL. The resulting PGR product of 

_ on _ 
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650 bp was digested with EcoRI and Bell and ligated to expression vector 
pig-Tail (R & D Systems, Minneapolis, MN) digested with EcoRI and 
' BamHI The pig-Tail vector contains the genomic fragment which 
encodes the hinge region, CH2 and CH3 of human IgGl (GenBank 

5 . Accession no. Z17370). The DNA sequence of the resulting VCAM 
fragment was verified using Sequenase (US Biochemical, Cleveland, 
OH). The fragment encoding the entire VCAM-Ig fusion was 
subsequently excised from pig-Tail with EcoRI and NotI and hgated to 
pCI-neo (Promega, Madison, WI) digested with EcoRI and Notl. The 
10 resulting vector, designated pCI-neoA^CAM-Ig was transfected into 
CHO-Kl (ATCC CCL 61) cells using calcium-phosphate DNA 
precipitation (Specialty Media, Lavalette, NJ). Stable. VCAM-Ig 
producing clones were selected according to standard protocols using 
0.2-0.8 mg/ml active G418 (Gibco, Grand Island, NY), expanded^ and cell 
15 supernatants were screened for their abiUty to mediate Jurkat adhesion 
to wells previously coated with 1.5 ^ig/ml (total protein) goat anti-human 
IgG (Sigma, St. Louis, MO). A positive CHO-KWCAM-Ig done was 
subsequently adapted to CHO-SFM serum-free media (Gibco) and 
maintained under selection for stable expression of VCAM-Ig. VCAM- 
Ig was purified from crude culture supernatants by affinity 
chromatography on Protein A/G Sepharose (Pierce, Rockford, IL) 
according to the manufacturer's instructions and desalted into 50 mM 
sodium phosphate buffer, pH 7.6, by ultrafiltration on a YM-30 
membrane (Amicon, Beverly, MA). 



20 



25 



125 

StepB. Prpp^^ation of T-VCAM-Ig, 



VCAM-Ig was labeled to a specific radioactivity greater that 
1000 Ci/mmole with "^^^I-Bolton Hunter reagent (New England Nuclear, 
Boston, MA; cat # NEX120-0142) according to the manufacturer's 
30 instructions.The labeled protein was separated from unincorporated 
isotope by means of a calibrated HPLC gel filtration column (G2000SW; 
7.5 X 600 mm; Tosoh, Japan) using uv and radiometric detection. 
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StepC. . : VCAM.Tf Rjn^in^ A.^^_ ■ 

~W^ <. concentration. Pinal concentrations. were 

-'>^=*^0 a range between 0.001 nM.100^M.J„rkatceUs~ 

(26 mM HEPES, 150 njtf NaCl, 3 mM KCl, 2 mM glucose, 0.1% borne 
sen™ albunun, pH 7.4). The cells were centrifuged agsL id 
upended m binding buffer supplemented with MnCl, at a final 

multiscreen plates (cat# MHVBN4550, Millipore Com MAl t , 
the fonowing additions to dupUcate we..: (iJ^r^TbinZ^^^^ 

J °' binding buffer 

c^ntanung 1 mM MnCl, (final assay concentration - 100 pM); (ffim uL 

of compound solution or DMSO; (iv) and 0.5 . 10« cells in a volume of 30 
UL. l^e plates were incubated at room temperature for 30 miT^ 
ffltwed on a vacuum box, and washed on the same apparatus by the 

addition of 100 Ml of binding buffer containing 1 mM MnCr^ 
msertion^fte multiscreen plates into adapter plates (PacLd 

r'^Xr'".°''ff -"^containing DMSO alone 
0%lwht °f binding corresponding to 

0% intabmon. Contol wells in which cells were omitted were used to 

of I-V°AM-Igmtheab8enceofcellswasusuallyle£«than5«nffh ! 
observed using cells in the presence of vehida Pe^nTil^irn C 

ten pomt titration using a vaKdated four parameter fit algorithm 
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Step A. ffl^LCelUifiS- - '-^ .p. A. 

RPMI-8866 ceUs (a hxunan B cell line a/Pi P, ; a gift from 

Prof. John Wilkins, University of Manitoba. Canada) were grown in 
RPMI/10% fetal calf serum/ 100 U penicillin/100 ^g streptomycin/2 mM 
L-glutamine at 37°C, 5 % carbon dioxide. The cells were pelleted at 1000 
rpm for 5 minutes and then washed twice and resuspended in binding 
buffer (25 mM Hepes, 150 mM NaCl . 0.1 % BSA, 3 mM KCl. 2 mM 
Glucose, pH 7.4). 



StepB. vr.AM-T^ Bir^r^irP Assay. 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were 
selected from a range between 0.001 nM-lOO jiM. Compounds were 
assayed-in MUlipore MHVB multiscreen plates (Cat# MHVBN4550) by 
making the following sequential additions to duplicate weUs: (i) 100 
Hywell of binding buffer containing 1.5 mM MnCl,; (ii) 10 nVwell I- 
VCAM-Ig in binding buffer (final assay concentration < 500 pM); (m) 1.5 
jj/well test compound or DMSO alone; (iv) 38 ulAvell EPMI-8866 cell 
suspension (1.25 x 10" cells/well). The plates were incubated at room 
temperature for 45 minutes on a plate shaker at 200 rpm, filtered on a 
vacuum box, and washed on the same apparatus by the addition of 100 
HL of binding buffer containing 1 mM MnCl,. After insertion of the 
multiscreen plates into adapter plates (Packard, Meriden, CT cat# 
25 6005178). 100 jiL of Microscint-20 (Packard cat# 6013621) was added to 
each weU. The plates were then sealed, placed on a shaker for 30 
seconds, and counted on a Topcount microplate scintillation counter 
(Packard). Control wells containing DMSO alone were used to 
determine the level of VCAM-Ig binding corresponding to 0% inhibition. 
Wells in which cells were omitted were used to determine the level of 
binding corresponding to 100% inhibition. Percent inhibition was then 
calculated for each test well and the IC^o was determined fi-om a ten 
point titration usmg a validated four parameter fit algorithm. 
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WHAT IS CLAIMED IS; 

^ 1. A method for the treatment of diseases, disorders 

conditions or symptoms mediated by cell adhesion in a mammal which 
5 comprises administering to said mammal an effective amount of a 
compound Formula I; 

f^'-^"l:>R«f 

^J^'S R^RV 



10 



or a pharmaceutically acceptable salt thereof wherein: 



R^is 1) Cl-ioalkyi, 

2) C2.10alkenyl, 
^ 3) C2.10alkynyl, 

.■ ■' - 4) Cy, 

5) Cy-Ci-ioalhyl, 

6) Cy-C2.l0alkenyl, 

7) Cy-C2.loalkynyl, 

20 wherein alkyi, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from Ra; and Cy is optionally 
substituted with one to four substituente independently selected from Rb; 

R^is 1) hydrogen, 

^ 2) Ci.ioalky], 

3) C2.ioalkenyl, 

4) C2.ioalkynyl, 

5) aryl, 

6) aiyl-Ci.ioallQrl, 
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7) heteroaryl, 

8) heteroaryl-Ci-ioalkyl, 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from R^; and aryl and 
5 heteroaryl optionally substituted with one to four substituents 
independently selected from 

r3 is 1) hydrogen, 

2) Ci-io alkyl, 

10 3) Cy, or 

4) Cy-Ci-iO alkyl, 
wherein alkyl is optionally substituted with one to four substituents 
independently selected from R^; and Cy is optionally substituted with 
one to four substituents independently selected from R^; , 

15 

R^is 1) hydrogen, 

2) Cl-ioalkyl, 
3 C2-10alkenyl, 
4) C2-10alkynyl, 

20 5) Cy, 

6) Cy-Cl-loalkyl, 

7) Cy-C2-10alkenyl, 

8) Cy-C2-10alkynyl, 

wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
25 four substituents selected from phenyl and Rx, and Cy is optionally 

substituted with one to four substituents independently selected from RJ; 
or 

R3, R4 and the atoms to which they are attached together form a mono- 
or bicycHc ring containing 0-2 additional heteroatoms selected from N, O 
30 and S; 



R5is 1) hydrogen, 

2) Ci-ioalkyl, 
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3) C2.ioalkenyl, 

5) aryl, 

-6) aiyl-Ci.ioalkyl, 

7) heteroaryl, 

8) heteroaryl-Ci.i oalkyl. 



wherein alkyl, alkenyl and alkynyl are optionaUy substituted with one to 
four subshtuents selected from Rx, and a^I and heteroa^I are 

K4, E6 and the carbon to which they are attached form a 3-7 membered 
mono- or b,cycHc ring containing 0-2 heteroaton. selected fi,„;^L 



15 



20 



R6, R7 and R8 are each independently selected from tiie group 
consisting of ^ 

1) a group selected from Rd, and 

2) a group selected from Rx- or 

B6, E7, and R8 and the two a^acent atoms to which they are attached 

^n^ -"^-O -™ or unsaturated monocrJ^^^^g 

contammg zero to three heteroatoms selected from N. O or S. 

25 Rais 1, cy.or 

2) a group selected ftxm Ex; 
wherein Cy is optionaUy subsituted with one to four substituents 
independently selected from RC; 



30 Rb is 1) 



a group selected from Ra 

2) Cmo alkyl, ' 

3) 02-10 alkenyl, 

4) C2-10 alkynyl, 
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5) aryl Ci-ioalkyl, 

6) heteroaryl Ci-io alkyl, 

wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl are optionally 
substituted with a group independently selected from RC; 

5 



1) 


halogen. 


2) 


N02, 


3) 


C(0)ORf, 


4) 


Ci.4alkyl, 


5) 


Ci-4alko3qr, 


6) 


aryl, 


7) 


aryl Ci.4alkyl, 


8) 


aryloxy, 


9) 


heteroaryl, 


10) 


NRfRg, 


11) 


NRfC(0)Rg, 


12 


NRfC(0)NIlfRg, or 


13) 


CN; 



20 R^andRe are independently selected from hydrogen, Ci-iQalkyl, C2-10 
alkenyl, C2-10alkynyl, Cy and Cy Ci-ioalkyl, wherein alkyl, alkenyl, 
alhynyl and Cy is optionally substituted with one to four substituents 
independently selected from R^; or 

Rd and R® together with the atoms to which they are attached form a 
25 heterocyclic ring of 5 to 7 members containing 0-2 additional 

heteroatoms independently selected from oxygen, sulfur and nitrogen; 

Rf and BS are independently selected from hydrogen, Ci-iQalkyl, Cy and 
Cy-Ci-ioalkyl wherein Cy is optionally substituted with Ci-iQalkyl; or 
30 Rf £Lnd RS together with the carbon to which they are attached form a 
ring of 5 to 7 members containing 0-2 heteroatoms independently 
selected from oxygen, sulfur and nitrogen; 
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1) hydrogen, 



2) Ci-ioalkyl, 

3) C2.l0alkenyl, 

4) C2.l0alkynyl, 

5) cyano, 

6) aryl, 

7) aryl Ci-iQaltyl, 

8) heteroaryl, 

9) heteroaryl Ci-ioallQrl, or 



10) -S02Ri; 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from Ra; and aryl and 
heteroaryl are each optionally substituted with one to four substituents 
independently selected from R^; 



wherein alkyl, alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from RC; 

Rx is 1) -ORd 
2) .N02, 



4) -S(0)inRd 

5) -SRd, 

6) -S(0)20Rd, 

7) -S(0)niNRdRe, 

8) -NRdRe, 

9) -0(CRfRg)nNRdRe, 

10) -C(0)Rd 

11) -C02Rd' 




1) Ci-ioalkyl, 

2) C2.10alkenyl, 

3) C2.l0alkynyl, or 

4) aryl; 



3) 



halogen 
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12) -C02(CRfRg)nC0NRdRe 

13) -OC(0)Rd 

14) -CN, 

15) -C(0)NRdRe, 
5 16) -NRdc(0)Re, 

17) -OC(0)NRdRe, 

18) -NRdC(0)ORe, 

19) -NRdC(0)NRdRe 

20) -CRd(N-ORe), 
10 21) -CF3, 

22) 0X0, 

23) NRdC(0)NRd S02Ri, 

24) NRdS(0)mR^ 

25) -0S(0)20Rd or 
15 26) -0P(O)(ORd)2; 



Ryis 



20 



1) 


a group selected from R^, 


2) 


Cl-io alkyl, 


3) 


C2-10 alkenyl, 


4) 


C2^10 allgmyl, 


5) 


aryl Ci-ioalkyl, 


6) 


heteroaryl Ci-io alkyl, 


7) 


cycloalkyl, 


8) 


heterocyclyl; 



25 wherein alkyl, alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from R^; 

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

30 m is an integer from 1 to 2; 



n is an integer from 1 to 10; 
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1) 


-C(0)ORd 


2) 


-P(0)(ORd)(ORe) ; 


3) 


-P(0)(Rd)(ORe) 


4) 


-S(0)mORd, 


5) 


-C{0)NRdRh^ or 


6) 


. . -6-tetrazolyl; 


1) 


-C(OK • 


2) 


-0-C(OK 


3) 


-NRe.C(0)-, 


4) 


-S(0)2-, 



5) -P(OXOR4)or 

6) C(0)C(0); 

,15 Z and A are independently selected from -C-,and -C-C-; 

B is selected from the group consisting of 

1) a bond, 

2) .. -C- 
20 3) -C-C-, 

3) -C=C-, 

4) a heteroatom selected from the group consisting of 



nitrogen, oxygen, and sulfur, and 
5) -S(0)in-. 



25 



Formula I, 



A method of Claun 1 wherein in compounds of 



Yis 
Rlis 



S(0)2; 

(1) CMOalkyl, 

(2) Cy,or 

(3) Cy-Ci-io alkyl; 



30 
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wherein alkyl is optionally substituted with one to two substituents 
independently selected from Ra, and Cy is optionally substituted with 
one to four substituents independently selected from Rb. 

5 3. A method of Claim 1 wherein said cell adhesion is 

mediated by VLA-4. 

4. A method of Claim 1 wherein said disease is selected 
from asthma, allergic rhinitis, multiple sclerosis, atherosclerosis, 

10 inflammatory bowel disease and inflammation. 

5, A compound having the formula la: 

■ R7 

OJ ^^ 0 R4R5 



15 



25 



la 



or a pharmaceutically acceptable salt thereof, wherein 
Rl. R2. R3, r4, r5, r6, r7, X, B, and Z are as defined in Claim 1 with the 
proviso that R6/R7 is not 0x0 when attached to the carbon between N and 
20 B, and with the further proviso that when B and Z are each C, R2, R3, 
R6, and R? are each H, then Rl is other than phenyl, 4-methylphenyl 
and 5-(NRd[Re)naphthyl. 



6. A compound of Claim 5 wherein Z is C. 

7. A compound of Claim 6 wherein B is C, C=C, C-C or 
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; .8. Acoinpo.undofCIaim5whereinXisC(0)ORd. 

9. A compound of Claim 5 wherein Rl is Ci-ioalkyl Cv 
or Cy-CMoalkyl wherein alkyl is optionally substituted with one to two 
substituents independently selected from Ra and Cy is optionally 
substituted with one to four substituents independently selected from Rb. 

K . . ^ compound of Claim 5 wherein Rl is aiyl optionaUy 

substituted with one to four substituents selected fix,m Rb 

11. A compound of Claim 5 wherein R5 is H andR4 is Ci 
10 alkyl or Cy-CMoalkyl, wherein alkyl is optionally substituted with one" 
f„ W> '"'f *r '''^^'^^ Ph-y^ and Rx and Cy is optionally 
rR4 R? !° independently selected from RY; 

or R4 R5 and the carbon to which they are attached together fonn a 3-7 
membered mono- or bicyclic carbon only ring. 

12. A compound ofClaim 11 wherein R4ispheixyl-Ci 3 
alM^W^^Wl U option^ai. substituted with on. „ two g„ups 



A compound of Claim 5 having the formula lb: 



- wo 99/64395 



PCT/US98/11623 



5 




Ri6 is U; Jti or x^i-a aiu-jri, iv- ^ — - - 
optionally substituted with one or two groups selected 



H. 



15. A compound of Claim 5 having the formula 




wherein R2 is H or Cl-S alkyl; R6 is H, Ci-G alkyl, aryl, ORd, SRd 
NRdRe, or NRdC(0)Re; B is S. C=C, C or CC; R3 is H or Ci-Salkyl, R^ 
and Ry are as defined in Claim 5.. 

16. A compound of Claim 15 wherein B is C and Rb is 
halogen, Ci-ioalkoxy, cyano, or trifluoromethyl. 

17 A compound selected from the group consisting of: 
N-(3.4-dimethoxybenzenesulfonyl)-l,2,3,4.tetrahydroisoquinoUne 

3(S)-carbonyl-(L)-leucine; 
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: N-(3,4-diinethoxybenzene3ulfonyl)-l,2.3.^^^^ 
; 3(S)-carbonyl-(L)-argiiiine; 

N-(3,4.dimethoxybenzenesulfonyl).1.2,34-tetrahydroisoqumoline- 
3(S)-carbonyl-(L)-glutamic acid; 

N-(34-dimethoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 

3 (S)-carbonyl -glycine; 

N-(3,4-dimethoxybenzenesulfonyl).l,2,34-tetrahydroisoquM^^ 
3(S)-earbonyl-(L)-(l-naphthyl)alanine; 

N-(3,4-dimethoxyben2enesulfonyl)-1.2.3,4.tetrahy^^^ 
3(S)-carbonyl.(L)-a-t-butylglycine; 

N-(3,4-dimethojQrbenzenesulfonyl).1.2,3,4.t6trahydroisoquinoline- 
3(S)-carbonyl-(L)-3-(2-thienyl)alanine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline. • 
3(S)-carbonyl-(L)-cyclohexylalanine; 

; N-(3,4-dimethoxybenzenesulfonyI)-l,2,3,4.tetrahydroisoquino^^^ 
3(S)-carbonyl-(L)-3-(2-naphthyl)alaiune; 

N-(3.3-diphenylpropanoyl)-l,2,3,4-tetrahydroisoquinoIine-3(S)- 
carbonyHD-norleucine; 

N<24-dinitrobenzenesulfonyl)-l,2,3,4-tetrahydroisoqumoHne-3^(^^^ 
carbonyHD-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-3,3-diphenylalanine; 

N-(3,4.dim6thoxyben2enesulfonyl)-l,2,3.4-tetrahydroisoquinoline- 
3(S)-carbonyl-l,2,3,4-tetrahydroisoquiiioliiie-3-carbo3grlic acid- 

N-{3.4.dimethoxybenzenesulfonyl)-l,2.3,4-tetrahydroisoquinoH^^^ 
3(S)-carbonyl-(L)-proline; 

N-dansyl-l,2,3.4-tetrahydroisoquinoline-3(S).carbonyl-a)- 

norleucine; 

N-(2-naphthalenesulfonyl).l,2,3,4-tetrahydroisoquinoKne-3(S). 
carbonyl-(L)-norleucine; 

N-(4-methoxybenzenesulfonyl)-l,2,3,4-t6trahydroisoqmnoline.^^^^^ 
carbonyl-(L)-norleucine; 
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N-(4-phenylbenzoyl)-l,2,3.4.tetrahydroisoquinoUne-3(S>^^^ 
(L)-norleucine; ' 

N-(3,4-dimethylbenzenesulfonyl)-1.2.3,4.tetrahydroisoqmnohne- 
3(S)-carbonyl-(L)-cysteine; 

N-(4-t-butylbenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(2,5-dichlorobenzenesulfoixyl)-1.2,3,4-tetrahydroisoqumolme- 
3(S)-carbonyl-(L)-iiorleucine; 

N-(2-mesityleiiesulfonyl)-l,2.3,4-tetrahydroisoquinoline-3(S)- 
carbonyKD-norleucine; 

N-(p4oluenestdfonyl)-1.2,3.4-tetrahydroisoquinoline.3(S)-carbonyl- 

(L)-norleucine; ' , . • ,• q^Q^ 

N-(4-chlorobenzenesulfoiiyl)-1.2,3,4-tetrahydroisoquinoline-3(S)- 

carbonyl-(L)-norleucme; 

N-(N'-acetylsulfamlyl)-l,2.3,4-tetrahydroisoquinoline-3(S). 

carbonyHD-norleucine; ■ 
N-(4-fluorobenzenesulfonyl)-1.2.3,4-tetrahydroisoquiiiohne.3(S)- 

carbonyl-(L)-norleucine; _ 
N.(l-naphthalenesulfonyl)-l,2,3,4.tetrahydroisoqiiinoline-3(S)- 

carbonyl-(L)-norleucine; 

N-(benzylsulfonyl)-l,2,3,4-tetrahydroisoquinolme-3(S)-carboiiyl. 

(L)-norleucine; . ofo\ 

N-(4-nitrobenzenesulfonyl)-l,2,3,4.tetrahydroisoqmnoline-3(S)- 

carbonyl-(L)-norleucine; 

N-(3.4-dimethoxybenzenesulfonyl)-l,2,3,44etrahydroisoquinoline- 
3(S)-carbonyl-(L)-phenylalanine; 

N-(3.4-dimethoxybenzenesulfonyl)-1.2,3,4-tetrahydroisoquinolme- 

3(S)-carbonyl-(L)-gltitamine; . 
N-(3.4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoqumohne- 

3(S)-carbonyl-(L)-(4-nitrophenyl)alanine; 

N-(3,4-dimethoxybeiizene8ulfonyl)-l,2,3,4-tetrahydroisoqumohne- 
3(S)-carboiiyl-(L)-asparagine; 
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N-(3.4-dimetho^be^^^^^ 
3(S)-carbonyl-(L)-methionine; 

3(b)-carbonyl-(L)-homophenyIalanine; 
N-(3,4.<^n.ethoxybenzenesulfonylM 
3(S)-carbonyl-(D)-norleucine; 
N-(3,4-.^metho^benze 

3(S)-carbonyl-(L)-(4-fiuorophenyl)alanme; 

N-(3-toluenesulfonyl)-l,2A4-tetrahydroisoqui^^^^^^ 
CJ-.)-n6rleucine; 

N-(4-trifluoromethylbenzenesulfonyI)-l,2,3,4. 

tetrahydroisoquinoIine.3(S)-carbonyl-(L)-norleucine- • 
. . N-(4-n-propylbenz.enesulfonylU 
carbonyI-(L)-norleucine; 

N.(4.isopropylbenzenesulfonylM 
carbonyHD-norleucine; 

^N.(2,6.(Hcmoi^benzenesulfonyl^ 
3{S)-carbonyKL)-norleucine; 

N.(4-ethylbenzenesiilfonyI)-l,2.3,4-tetrahydroi^^^^ 
carbonyI-(L)-norleucine; 

N-(24.difluorobenzenesulfonyl)-l,2.^ 
3(S)-carbonyl-(L)-norleucine; 

N-(2.cyanobenzenesulfonyl)-l,2,3,4-teb-ahydroisoqui^ 
carbonyl-(L)-norleucine; 

N-W-tert-amyW 
3(S}-carbonyl-(L)-norleucine; 
N-(4-chloro-3-nitrobenzenesulfonyl)-l,2,3,4. 
tetrahydroisoquinoline-3(S).carbonyl'(L)-norleucine 

N-(3-cyanoben2oyl).l,2,34-tetrahydroisoquinoline.3(S)-carbonyl. 

(L)-norleucine; 

N-(3.5-dichlorobenzenesulfonyI).lA3,4.tetrahydn^^^ 
3(S)-carbonyl-(L)-norleucine; 
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N-(3,4-dichlorobenzeiiesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 

3(S)-carbony(L)-norleucine; 
N-(2-trifluoromethylbenzenesulfonyl)-l,2,3,4- 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-norleucine; 
N-(2,3-dichlorobenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoliiie- 

3(S)-carbonyl-(L)-norleucine; 

N-(2,4-dichlorobenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 

3(S)-carbonyl-(L)-norleucine; 
N-(2,5-dimethoxybenzenesulfoiiyl)-1.2,3,4-tetrahydroisoquinoline- 

3(S)-carbonyl-(L)-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-serine; 

N-(3,4-diinethoxybenzenesulfoiiyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-isoleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoUne- 

3(S)-carbonyl-(L)-tryptophan; 
N-(2,l,3-benzothiadiazole-4-sulfonyl)-l,2,3,4r 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-tryptophan; 
N-(3,4-dimethoxybeiizenesulfonyl)-1.2,3,4-tetrahydroisoquinoline- 

3(S)-carbonyl-(L)-3-(3-pyridyl)alaiiine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-teta:ahydroisoquinoline- 

3(S)-carbonyl-(L)-3-(2-naphthyl)alanine, ethyl eater; 
N-acetyM,2,3,4-tetrahydroisoquinoline-3(S)-carbon:yl-(L)- 

norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2i3,4-tetrahydroisoquinoline 
3(R)-carbonyl-(D)-norleucine; 

N-propionyl-(L)-prolyl-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(4-cyanobenzenesialfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(benzenesulfonyl)-l,2,3,4.tetrahydroisoquinoline-3(S)-carbonyl 
(D-norleucine; 
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N-(3-iutrobenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3( 
carbonyHL)-norleucine; 
N-(3-trifluoroinethylbeii2enesulfonyl)-l,2,3,4- 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-norleuciiie; 
N-(2-thienylstilfonyl)-l,2,3,4-tetrahydroisoquinoUne-3(S)-carbonyl- 
(L)-n6rleucine; , 

N-(3,4-dimethoxybenzehesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyI-(L)-N-methylieucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoliii€- 
3(S)-carbonyl-(L)-citrulline; 

N-(4-iodoben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-(3-iodo)tyrosine; 

N-(3,5-dichiorobenzenesulfonyl)-(L)-prolyl-(L)-3-(3-pyridyl)alam^ 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyI-(L)-phenylalamne; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-glutamic acid; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-arginine; 

N-(N-(3,5-dicUorobenzenesulfonyl)-(L)-prolyl)-l"amin^ 

cyclopentane-l-carboxylic acid; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-3-(3,4- 

dichlorophenyDalanine; 

N<3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-( 
naphthyDalanine, ethyl ester; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(4- 
bromophenyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(4- 
nitrophenyl)alanine; 

N-(3,5-dichlorobenzenesulfdnyl)-(L)-prolyML)-3-(4- 
thiazolyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 
chlorophenyDalanine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)-3-(4- . 
chlorophenyDalanine; 
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N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-3-(4- 
cyanophenyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-tyrosine, 0-sulfate; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3,5-diiodotyrosine; 
N-(3,5-dichlorobenzeneaulfonyl)-(L)-prolyl-(L)-tyrosine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-aspartic acid; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-tryptophan; 
N-(3,5-dichlorobenzene3ulfonyl)-(L)-prolyl-(L)-methionine; 
.N-(3,4-dimethoxybenzenesulfonyl)-(L)-prolyl-(L)-norleucine; 
N-(3,5-di(trifluoroinethyl)benzenesulfonyl)-(L)-prolyl-(L)-3-(2- 

naphthyDalanine; 

N-(3,4-diinethoxybenzenesulfonyl)-(L)-thiaprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-diinethoxybenzenesulfonyl)-(L)-thiaprolyl-(L)-iiorleudne; 
N- [4-(N'-2-toluylureido)phenylacetyl] -(L)-thiaprolyl-(L)-3-(2- 

naphthyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-dunethoxybenzenesulfonyl)-(L)-pipecolyl-(L)-norleucine; 
N-(3,4-dimethoxybenzenesulfonyl)-(L)-pipecolyl-(L)-norleucine, 

ethyl ester; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)- 
homophenylalanine; 

N-(3,5-dichlorobenzenesvilfonyl)-(L)-pipecolyl-(L)-(3-iodo)tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)-3-(2- 

naphthyDalanine; 

N-[4-(N'-2-toluylureido)phenylacetyl]-(L)-pipecoliny(L)-3-(2- 
naphthyDalanine; 

N-[3,5-di(trifluoroinethyl)benzenesulfonyl)l-(L)-pipecolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-diinethoxybenzenesulfonyl)-(L)-pipecolyl-(L)-3-(2- 
naphthyDalanine, ethyl ester; 
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N-(3,4-diniethoxybenzenesulfonyl).(L)-octahydroisoquinoline-3- 
carbonyHD-norleucine; 

N-(3,4-dimetho:qrbenzenesuIfoiiyl)-azetidine-2-carbonyl-(L)- 
norleucine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(S)-hydroxyprolyl-(L)-3-(2- 

naphthyDalanine; 

N-(3,4-dimethoxybenzenesulfonyl)-(L)-4(S)-hydroxyprolyl-(L)- 
norleucine; 

N-(3,4-dimethoxybeii2enesulfonyl)-(L)-3,4-dehydxoprolyl-(L)- 
norleucine; 

N-(3-bis(N,N-ben2enesulfonyl)aininobenzenesulfonyl)-(L)-prolyl- 
(L)-norleucine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3.(4-pyridyl)alanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)-aminoprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,5-dichlorobenzen6sulfonyl)-(L)-3,4-dehydroprolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chloroben2enesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalanine; 

N-(3,5-dichlor6benzenesuIfonyl)-(L)-4(R)-hydroxyprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobeiizenesiilfonyl)-(L)-thiaprolyl-(L)-tyrosine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3-iodotyrosine; 
N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-pipecoIyl-(L)-a-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-4- 
fluorophenylalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalaniiie; 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-4- 

fluorophenylalanine; 

N-(3-fluorobenzenesulfonylHL)-4(R)-hydroxyprolyl-(L)-4- 
fluorophenylalanine; 
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N-(3-chlorobenzenesulfonylHL)-4(R)-hydroxyprolyH^^ 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)-4- 
fluorophenylalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-3,4.dehydroprolyl-(L)-tyros^^^ 
N-(45-dichloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-tyrosin^ 
N.(3-fluorobenzenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosin^ 
N-(3-chlorobenzenesulfonylHL)-4(R)-hydroxyprolyl-(L)-tyrosme; 

N-(3-fluorobenzenesulfonyl)-(L)-pipecolyl-(L)-4- 

fluorophenylalanine; • n 

N-(3-fluorobenzenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosme, O- 

tert-butyl ether; . 
N-(3-chlorobeiizenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L).tyrQsme, 

O-tert-bulyl ether; ,wt\ 
N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4-dehydroprolyl-(L)- 

N-(3,5-dichlorobenzenesulfonylHL)-3(S)-methyl-prolyl-(L)^^ 

fluorophenylalanine; , wt \ 

N-(4,5-dichloro-2-thiopWsulfonyl)-(L)-3,4-dehydroprolyH^^ 

tyrosine; , /x n • n 

N-(3.fluorobenzenesulfonyl)-(L)-3,4.dehydroprolyl-(L)-tyrosx^^^ 

tert-butyl ether; , wt x . • « n 

N-(8-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-tyrosine. O- 

tert-butyl ether; wt s >. 

N-{3-chlorobenzenesulfonyl)-(L).2(S)-methyl-prolyl-(L)-4- 

fluorophenylalanine; ^ 
N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-tyrosme; 

N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-tyrosine, O- 

tert-butyl ether; , wr n 

N.(3,5.dichlorobenzenesulfonyl).(L)-2(S)-methyl-prolyl-(L)- 

tyrosine; . 
N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-3-iodotyrosine; 

N-(3-chlorobenzenesulfonylHL)-prolyl-(L)-3-iodotyrosine; 
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N-(3-fluorobenzenesulfonyl)U>^^^^ 

N-(3-chlorobenzenesulfonyl)-(L)-prolyl.(L).phenylalanme- ' ' 
N-C3,5-chchloroben2enesulfonylHL).prolyHL^^^^ 

N-(3.fluoroben2enesulfonyl)-(LH(R)-hydroxyprolyl-(L). 
phenylalanine; 

N-(3-chlorobenzenesulfonyIHL)-4(R).hydroxyprolyl.(L). 
phenylalanine; 

NK4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4.dehydroprolyI.^^^^^ 
pyridyDalanine; • 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-thiaprolyl.(L)-3.(4. 
pyridyDalanine; 

N-(4,5.dichIoro-2-thiophenesulfonyl)-(L)-3,4-dehydroprolyl.(L).4. 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R).hydroxyprolyl.(L^^ 
phenylalanine; 

N-(3-trifluoromethyIbenzenesulfonyl)-(L)-prolyl-(L)-4-^ 
fluorophenylalanine; 

N.(3.trifluoromethylben2enesulfonyl)-(L)-thiaprolyl.(L).4- 
fluorophenylalanine; 

N.(3.fluorobenzenesulfonyl).(L)-3,4-dehydroprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L).prolyl.(L)-tyrosine, O- 
phosphoric acid; ' 

N-(3.chlorobenzenesulfonyl).(L).4(R).aminoprolyl<L)^^^^ 

N- 4 5.d,chloro-2-thiophenesulfonylKL)-tWaprolyl.(L)-^^^^ 

N-(Ni.methyl-4-imidazolesulfonyl)-(L)-prolyl-(L)-4. 
fluorophenylalanine; 

N-(3,5-dichloroben2enesulfonyI)-(D)-prolyl.aD)-4- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L).4(R).aminoprolyK^^^^^ 
pyridyDalanine; f y k j o 

N-(5<5-trifluoromethyl-2-pyridylsulfonyl)-2-thiophenesulfony^^^ 
prolyl-(L)-4-fluorophenylalanine; 
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N-(5-(N-(4-chlorobenzoyl)aininomethyl))-2-thiophenesulfonyl)-(L) 

prolyl-(L)-4-fluorophenylalanine; 
N-(5-(3-(l-methyl-5-trifluoromethyl^pyrazoyl))-2- 
thiophenesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalanine; 
N-(3-fluorobenzenesulfonyl)-2(S)-methylprolyl-(L)-0-tert-butyl- 

tyrosine; 

N-(3-fluorobenzenestilfonyl)-(L)-4(R)-amiaoprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)-aminoprolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-4(R)-aininoprolyl-(L)-4- 
fluorophenylal anine ; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(S)-aniinoprolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-4- 
fluorophenylalanine; 

N-(4-bromo-5-chloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3,5- 
diiodotyrosine; 

N-(5-benzoylaininomethyl-2-thiophenes\ilfonyl)-(L)-prolyKL)-4- 
fluorophenylalanine; 

N-(3-chlorobenzeiiesulfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine; 

N-(5-benzenesulfoiiyl-2-thiophene8ulfonyl)-(L)-prolyl-(L)-4- 

fluorophenylalanine; 

N-(3-bromo-5-chloro-2-thiopheneaulfonyl)-(L)-prolyl-'(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 

homophenylalanine; 
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N-(4-l«nzenesulfonyI.2:.tUophen«^ 

butyl-tyrosine; 

N^5Woylaininomethyl-2-thioph^ 

tert-butyl-tyrosine; i' j k j 

N-(trans.2-phenyl.ethylene-sulfonyl)-(L>^^^^^ 
tyrosine; 

N-(5-benzenesulfonyl.2-tW^^^^ 
Dutyl-tyrosme; 

N-(3-fluoroben2ene8uIfonylKL)-thiaprolyHL^^^^^ . 

tyrosine; 

N-(ben2ylsulfonyl)-(L)-prolyl-(L)-0-tert-butyl-t5Tosine- 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-c^ste^^^^^ 

N-(l-methyl-4-iinida2olylsulfonyl)-(L)-prolyl-a)-0-tert-but^^^ 
tyrosine; 

N-(4-(N.(4-dimethylaminophenyl)diazo) WenesiolfonyD 
prolyl-(L)-0-tert-butyl-tyrosine; 

N<5(4.Wfluoromethylbenzenesulfonyl)-2-^^^^ 
prolyl.(L)-0-tert-butyI-tyrosine; . 

N.(3-bromoben2enesulfonyI)-(LlprolyI-CL)-0-tert 

N-(4-methylsulfonyl.benzenesulfonyl)-(L)-prolyl-(L).4- 
fluorophenylalanine; 

i>f-(4,5-dichloro.2-thiophenesulfonyl)-(L)-pro]yl.(L)-3- 
fluorophenylalanine; 

N-(5-chloro-2-thiophenesulfonyl)-(L)-proIyl-(L)-4- 
fiuorophenylalanine; 

N-(3-chlorobenzenesulfonylML)-thiaprolyl.(L)-tyr^^^ 

N-(3.5-dichlorobenzenesuIfonylML).2(S).methylprolyI-(L)-0.tert^ 
butyl-tyrosine; 

N-(l(RM+)-10-caniphorsulfonyl).(L)-proIyI-(L).O.tert-butyl- 
tyrosine; 

N-(l(S)-(+)-10-camphorsulfonyl).(L)-prolyl.(L).O-tert.buty^^ 
tyrosine; 
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, N-(3,4-methylenedi6xy-phenylace1ylML)-prolyl-ai)-0-tert-buiy^ 
tyrosine; 

N-(3-chlorobeiizenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine-0- 
sulfate; 

N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-tyrosine-0-sulfate; 

N-(3,5-(iichlorobenzenesulfonyl)-(L)-prolyl-(L)-cysteine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-N-methyl- 

isoleucine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)-aininoprolyl-(L)-0-tert- 
butyl-tyrosine; 

N-(3-chlorobenzenesTalfonyl)-(L)-4(R)-aininoprolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(3-cyanobenzenesulfonyl)-(L)-prolyl-(L)-tyrosine; 

N-benzenesulfonyl-(L)-prolyl-(L)-0-tert-butyl-tyrosine; 

N-(4-methylsulfonylbenzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 

tyrosine; 

N-(4,5-dichloro-2.thiophenesulfonyl)-(L)-4(R)-aminoprolyl-(L)-0- 

tert-butyl-tyrosine; 
; N-(4,5-dichloro-2-thiopheiiesulfonyl)-(L)-4(R)-aminoprolyl-(L)-4-. 

fluorophenylalanine; 

N-(9-fiuorenylinethyloxycarbonyl)-(L)-prolyl-(L)-phenylalanine; 
N-(benzenesulfonyl)-(L)-prolyl-(L)-phenylalamne; 
N-(n-octyl-l-sulfonyl)-(L)-prolyl-(L)-phenylalanine; 
N-(3-fluorobenzeiiesulfonyl)-(L)-5(R)-phenyl-prolyl-(L)-4- 

fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-3(R)-pheiiyl-prolyHL)-4- 
iodophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-l- 
carbonyl-(L)-4-fluorophenylalanine; 

N-(3,5-dichlorobenzeiies\ilfoiiyl)-l,3-dihydro isoindolyl-l-carbonyl- 
(L)-4-fluorophenylalanine; 

N-(4-(fluorescien-4-carbonylainino)benzene sulfonyl)-(L)-prolyl- 
(D-O-tert-butjd-tyrosine; 
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N-(3-ethoxycarbonyl-benzenesulfonylKL)-prolyH 
tyrosine; 

N-(4-iodobenzenesulfonyl)-(L)-prolyl-(L)-4-benzoyl-phenyM 

N.(3-(4-ben2ophenonyl-carboiiylamino)-benzenesulfonyl)-(L)- 

prolyKL)-0-tert-butyl-tyrosine; 

N-(3"(6-(biotinylamino)-n-hexanoyl)-aininobenzenes\ilfonyl)-(L)- 
prolyl-(L)-0-tert-butyl-tyrosine; 

N-(3,5-dichlorobenzenesiilfonyI)-[3.1.0]-3-a2abicyclohexane-2- 
carbonyHLM-fluorophenylalanine; 
N-(3,5-dichlorobenzenesulfonyl))-(L)-prolyKL)-3-(2- 
naphthyDalanine; 

N-[4-(N'-2-toluylureido)phenylacetyl-(L)-prolyl-(L)-norleucine; 

N-(3,4-dimethoxybenzoylHL)-prolyI--(L)-norleucme; 

,N-(3,4-dimethoxybenzenesulfonyl))-(L)-pipecolyKL)-try^ . 

N-(4-nitrobenzenesulfonyl))-(L)-prolyKL)-norleucine; 

N43,5-di(trifliaoromethyl)benzenesulfonyl)]-(L)-pr^^ 

norleucine; 

N-(3,5'dichlorobenzenesulfonyl))-(L)-prolyl-(L)--norleucine; 
N-(34rifluoromethylbenzenesulfonyl))-(L)-prolyl-(L)-norleucine; 
. N-[4-(benzoylamino)benzenesulfonyl))-(L)-prolyl-(L)-norleucine; 
N-C4-methoxy-3,5-diiutrobenzenesulfonyl)-(L)-prolyl-(L)-norleucine; 
N-(3-chlorobenzenesulfonyl))-(L)-prolyl-(L)-norleucme; 
N-(3-trifluoromethylbenzenesulfonyl))-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-nitrobeiizenesulfonyl))-(L)-prolyKL)-norleucine; 

N-(3-cyanobenzenesulfonyl))-(L)-prolyKL)-norleucine; 

N-(3,5-dichlorobenzenesulfonyl))-(L)-prolyl-(L)-tr3nptophan; 

N-(3-inethyIbenzenesiilfonyl))-(L)-proIyKL)"norleucine; 

N-(3,5-dichlorobenzenesidfonyl))-(L)-3(S)-methyl-prolyl<L)-^ 

naphthyDalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 
N-(3-fluorobenzenesulfonyl))-(L)-prolyi-(L)-3-(2-naphthyl)alanine; 
■ , N-phenylacetyHL)-prolyHL)-3-(^ 
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N-(3-phenylpropionyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 

N-(phenylaininocarbonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alaiune; 

N-(3,5-dichlorobenzeiiesulfonyl))-(L)-2-inethyl-prolyl-(L)-3-(2- 

naphthyD-alanine; 

N-(benzenesulfonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alamne; 
N-(4-N'-phenylureidobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 

naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-5,5-diinethyl-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(4-N'-(2-toluyl)ureidobenzenesulfonyi)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4-iodophenylalanine; 
N-(4-N'-ben2ylureidobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 

naphthyl) alanine; 

N-(phenyloxalyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 

N-(benzylaminocarbonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 

N-(3-fluorobenzenesulfonyiHL)-2{S)-methyl-prolyl-(L)-4- 

fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyKL)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-phenylalaninainide- 
N-methylsulfonamide; 

N-(3,5-dichlorobenzenesulfonyl)-(L).2(S)-methyl-prolyl-(L)-4- 
iodophenylalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-phenylalanine; 
N-(3,5-dichlorobenzenesulfonyl)-(L>5-methylprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-3-phenylazetidmylcarbonyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-allylprolyl-(L)-4- 
fluorophenylalanine; 

N.(3,5-dichlorobenzenesvilfonyl)-(L)-2(S)-methyl-prolyl-(L)- 
: phenylalanine; 
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N-(3-trifluorbmethylbenzenesulfonyl).a)-2(S)-^^^^ 
nitro-phenylalanine; 

N-(3,5.dichlorobenzenesulfonyl).(L)-3(R)-methyI-prolyl.(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
cyanophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyKL)-4- 
(aminocarbonyl)-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl).(L)-3(R)-methyl-prolyl-(L)-4-(N-t- 
butoxycarbonylaminomethyD-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-3(R)-methyl.prolyl.(L)-4- 
(aminomethyD-phenylalanine; 

N-(3-trifluoromethyIphenylsulfonyl)-(L)- 2(S)-methyl-prolyl-(L)-4- 
acetaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl.prolyl-(LM- 
(N -(2-toluyI)ureido)phenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl.prolyl-(L)-4- 
(N'.(4'-fluorophenylsulfonyl)ureido)phenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
(ethoxycarbonyl)aminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyi-{L)-4-(4'. 
(N'-(2-toluyl)ureido)phenylacetyl)aminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl.prolyl.(L)-4-(4'. 
fluorophenylsiilfonyDaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
(phenylacetyl)aminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl).(L)-2(S)-methyl.prolyl-(L)-4.(4'- 
fluorobenzoyDaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl).(L)-2(S)-methyl.prolyl-(L)-4. 
(isobutyloxycarbonyDaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
methylsidfonylaminophenylalanine; 
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N-(3-trifluoromethylphenylsTilfonyl)-(L)-2(S)-methyl-prolyl-(L)-4^ 

(N'-(4-fluorophenyl)iireido)phenylalanme; 
N-(3-trifluoromethylbenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 

(N-(l,l-dioxo-l,2-isothiazolidinyl)-phenylalanine; 
N-(3^trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-pr6lyl-(L)-4- 

(N'-(4-(2-oxo-l-pyrrolidinyl)-phenylalanine; 
N-(3,5-dichorobenzenesulfonyl)-(L)-prolyl-(L)-4-(4- 

fluorobenzoyDphenylalanine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4'-(2- 

methoxybenzoyDphenylalanine; 

N-(3,5-dichorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4-(4'- 

fluorobenzoyDphenylalanine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(4- 

fluorobenzyDphenyl alanine; 
N-(3,5-dichlorobenzenes\dfonyl)-(L)-prolyl-(L)-4-(2- 

methoxybenzyDphenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(li)-4-(2-nitrophenoxy)- 
phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(4-mtrophenoxy)- 
phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4-(2- 
nitrophenoxy)-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2-aininophenoxy)- 
phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2- 
acetylaininophenoxy)-phenylalamne; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(4- 
acetylaminophenoxy)-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methylprolyl-(L)-4-(2- 

acetylaminophenoxy)-phenylalanine; 

N-(3,5-dichlorobeiizenesulfonyl)-2-(S)-methyl-(L)-prolyl-4-(2- 

cyanophenoxy)-phenylalaiiine; 
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N-(3i5-dichlorobenzenesulfonyl)-2-(S)-methyl-(L)-prolyl-4-(4- i 
cyanophenoxy)-phenylalanine; 

N-(3,5-dichlorobenzenestalfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-methyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-berizyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-n-butyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-cyanoinethyl- 
t3Tosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(2-methoxyethyl)- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(2-ethox5rethyl)- 
tyrosine; 

N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(2-methoxyethyl)-tyrosine; 
N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(2-ethoxyethyl)-tyrosine; 
N-(3,5-dichlorobenzenesxilfonyl)-(L)-prolyl-(L)-0-(l- 
pyrroliclinylcarbonyl)-tyrosine; 

N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(l-pyrrplidinylcarbonyl)- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(tert-butylacetate)- 
tyrosine; 

N-(3,5-dichlorobenzenesuIfonyl)-(L)-prolyl-(L)-0-(4-niorpholinyl- 
carbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(l-(2-propanonyl)- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(l- 
pyiTolidinylcarbonyl)-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(tert- 
butyl acetate)-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(2- 
etho:grethyl)-tyrosine; 

N.(3,5-dichlorobenzenesulfbnyl)-(L)-prolyl-(L)-0-(acetic acid)- 
tyrosine, methyl ester, 
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N-(3,5-dichlorobenzenesulfGnyl)-(L)-prolyl-(L)-0-(acetic acid)- 
tjnrosine; 

N-(3,5-clichl6robenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(l-(2- 
propanonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(l- 

pyrrolidinylcarbonyD-tyrosine, methyl ester; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(4- 

morpholinyl-carbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(2- 

p5rrrolylcarbonyl)-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(N- 
phenyl-N-methylaminocarbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-{L)-0-(N,N- 
diethyl-aminocarbonyD-tyrosine; 

N-(3-chlorobenzenesulfonyl)-(L)-2(S)-inethyl-prolyl-(L)-0-(4- 
morpholinyl-carbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-{L)>2(S)-methyl-prolyl-(L)-0-(N,N- 
diisopropyl-aminocarbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(benzoyl)-tyrosine; 
N-(3,5-dichlorobenzeiiesulfonyl)-(L)-prolyl-(L)-0-(cyclopentanoyl)- 

tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(5- 
tetrazolyDmethyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-N'- 
benzyl-histidine; 

N-benzenesulfonyl-(L)-prolyl-2-ainino-2-norbornanecarboxylic acid; 
N-benzenesTilfonyl-(L)-prolyl-3(R)-fflethyl-phenylalanine; 
N-benzenesulfonyl-(L)-prolyl-(L)-2,3-methano-phenylalanine; 
N-benzenesulfonyl-(L)-prolyl-(D)-2,3-methano-phenylalanine; and 
N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4-(5- 
((lH,3H)-l,3-dimethylpyriinidine-2,4-dione))-phenylalanine. 
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18. A method for the treatment of diseases, disorders, 
conditions or symptoms mediated by cell adhesion in a mammal which 
comprises administering to said mammal an efifective amount of a 
compound of Claim 5. 

19. A method for the fereatment of asthma, allergic 
rhinitis, multiple sclerosis, atherosclerosis, inflammatory bowel disease 
or inflammation in a mammal which comprises administering to said 
mammal an effective amount of a compound of Claim 5. 

20. A pharmaceutical composition which comprises a 
compound of Claim 5 and a pharmaceutically acceptable earner thereof. 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/11623 



A. CLASSIFICATION OF SUBJECT MATTER 
Please See Extra Sheet, 
us CL -5 4/139. 307. 365. 408; 546/184. 315; 548/146. 400 „ 
A^Sg to InteLrioaal Patent Classification (IPC) or to boO. natonal cUss.ficato, IPC 



B. WIEL DS SEARCHED . 

Minimum dpc»menu.ion .«irch.d (dasrifiction system IbHowcd by cU,s.f.ca.on symbols) 

U.S. : 514/139. 397. 363. 408: S46/184. 315; 548/146. 400 



Bocumca...io,sc.n:hcdoth,r.h«. minimum doc,mcn..tio„t oth..x.,ntU>atsuchdocumc.U«cm^^^^ in .he fields scathed 



NONE 



i,ctK.nic dau base consulted duHng .H, i„ten..Uon.. s,..h (name of data base and. whe. pmCicable. s.a«h tenn. used) 



CAS COMPUTER SEARCH 1966-TO DATE 



X 
Y 
X 
Y 
X 
Y 



Categoiy* 



Citation of d ocument, with indication, where appropriate, of the ,^lev«.t passages 

EP 0 337 549 Al (MERCK & CO. INC.) 18 October 1989. see 
entire d(x:ument. 

US 4,482,486 A (BRTNIK et al) 13 November 1984, column 2, 
lines 60-64. 

EP 0 443 132 Al (MASSAAKI et al) 28 August 1991. see page 3, 
lines 25-60 

US 5,219, 851 A (HAMILTON et al.) 15 June 1993. columns 3-8. 



5-12 
5-12^ 

5-12 and 18-20 
5-12 and 18-20 
1-20 



1-20 



Further documeau «• tot«l b the conti.u.don of Box C. Q See patent f«nily annex 



Sp«eul oti*gon«i of dtad d 
to b« of pntietibr rvWrno* 

wU.r documtut publiA^d oo or .(Ur Iho iiil»n»«i««l filing 6m» 

document which mty throw doubti on P«»i» * 
Sid to «t«blUh tb# pubUcttioo diu of tnothw ciuUoo or oih« 
ipMwl feMoo (•» 9p^*^) 

documni wfotring to « oisl dUclotur*. um, whibitioo or othf 

documtnt publUb^d poor to ih» mt«n»4l«nul rOins dalo but l»t« thn 
tfaa priority d«to cl>im»i 

, of the actual completion of the international search 



21 AUGUST I99a 



Name and maainA^^^'^^fi^ii?.*!}^^ 
CommiMioner of Pateoto tod Trademaiki 

Box per ^ 

Wuhington, D.C 20231 
F aoimitoNo. P03) 30S-3230 
Form PCTASA/210 (second ihcetXJuly »992)* 




Uur docu««t publuh«l •<Ur the intoftution.! ^^^Jl^^J^ 

^ d«^ ud Dot in conflict with the «ppli«aoa but cited to und«it«»d 

tho procipl. or th«iiy undcriymg ihc invcmioa 

documcot of p«ticuUr rclcvwcr. the chimrf f^^^^^^^^ 
SSdlr^litoni or ctnnotbc cowidarcd to involve so mventive step 
when the document » liken alone 

document of p-ticubr rel«»«ice;>e eleimed 
oooeidertMl to bvohe en inventive itep when 

wilh on. or more other .uch document., .ucb combmation 
bemg obvioue to • penon ekilled in the ait 

doeuneoc member of Uio mo patent femily 



Authoiized oCGcer 

ZINNA N. DAVis 
Telephone No. (703) 30S>I23S 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/U623 



C (Contmuation). DOCUMENTS CONSIDERED TO . BE RELEVANT 




Category* 


Citation of document, with indiction. where .ppropriate. ,f the n.lev.nt passages 


Relevant to claim No. 



X 
Y 



US 5.430,023 A (GESELLCHEN et al) 04 July 1995.see entire 
I document. 



Fonn PCT/ISA/210 (eoatitiuatioo of second sheetXJuIy 1992)* 




Fonn PCT/ISA/210 (extm ibeetXJuly 1992)* 



